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COLORADO RIVER 
Jun. Am, Soc. E.+ 


Yuma the Arizona side the Colorado River, short dis- 
tance below the mouth the Gila River and about miles north 
the Mexican boundary. The bottom lands both sides these two 
rivers, leveed for protection against overflow, together with some mesa 
land, form the irrigable land the Yuma Project the United States 
Reclamation Service. The water for irrigation taken from the 
Colorado Laguna Dam, diversion weir miles above Yuma. 
conduct the water the Yuma Valley and Mesa, which that por- 
tion the Project the Arizona side below Yuma, was necessary 
construct main canals to, and provide means crossing, either 
the Colorado the Gila. Both rivers have unstable beds, and are 
subject sudden floods, which scour deep channels. 
the relative elevations the water the canals and rivers, and the 
great’ variation between flood stage and low-water stage, crossing 
aqueduct over either river would have been impossible, and 
inverted siphon crossing was the only practicable one. For reasons 
economy the construction both canal and crossing, the 
rado River siphon was selected. may seen the general map, 
Fig. the siphon near Yuma, and short the 
Southern Pacific Railroad Bridge. The river this point flows be- 


*Presented the meeting May 
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tween high banks which restrict its meandering tendencies and permit 
shorter tunnel than would possible other points. 

The variation between extreme flood and low-water surface eleva- 
tions has been great ft. This, however, does not represent 
the variation cross-section; has been said that for every foot the 
river rises scours bed and the eross-sections Fig. 
illustrate the approximate truth the statement. The deepest scour 
within recent years shown; this section was taken the river 
gauging station 600 ft. below the line the tunnel, the width the 
river being the same both points. the periodic high-flood 
years the scour always approximately the same. the intermediate 
low-flood years the silt blanket dropped the falling river 
the preceding years only partly removed. 

Borings taken the line the tunnel indicated bed soft 
sandstone underlying the silt. was thought that, working 
sufficient depth, open tunneling could carried without great 
interference from seepage water. Therefore, preparations were made 
for sinking shafts each side the river, with the intention 
following this method construction. 

Before the construction detail, few words may 
said the general the work. The California shaft 
130 ft. from the center the levee, and 250 ft. from the Southern 
The Arizona shaft high ground, 200 ft. from 
the river, and 955 ft. California shaft. The canals conduct- 
ing the water and from the shafts have bottom width ft., 
water depth and carry 1400 sec-ft., capacity, 
which sufficient for the irrigation about 100000 The 
siphon was designed operate full capacity with loss head 
ft. When operating less than full capacity the same loss 
head obtained throttling the flow the intake; thus the water 
surface the intake and outlet are uniformly Eleva- 
tions 132 and 130, respectively. The inside diameter the California 
and that the Arizona shaft ft. The elevation 
the tunnel flow line the shafts and the middle 
the river. 


maximum conditions loading to. which the tunnel 
subjected are, (a) tunnel empty, with pressure the outside only, 
due hydrostatic head ft., high stage the river, and 
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system operation, low stage the river, with pressure the 
inside due hydrostatic head ft., partly balanced head 
the outside ft. Under these conditions, both the tensile and 
compressive stresses the 2-ft. thick tunnel lining are very low. The 
many uncertainties the actual loading from the material through 


which the tunnel passes, and the desirability fairly water-tight 


job, fully justify the thickness the tunnel walls constructed. 
The stresses the completed shafts due the static loads would 
considerably less than those the tunnel, the lining both 
shafts ft. thick and further reinforced the bottom the 
quarter-turn lining. The most severe conditions which the shafts 
were subjected were those due the method construction, which 
was sink them open these would largely matter 
conjecture, there would small profit attempting compute 
the stresses. Important determining factors fixing the thickness 
the lining were the probable skin friction and the weight required 
sink the guide determining the thickness necessary 
resist the stresses during the sinking and furnish weight overcome 
the skin friction and give water-tight shaft, comparison was made with 
number like structures built under similar conditions. These 
the skin friction overcome sinking them, from 300 700 lb. per 
sq. ft. The thickness was fixed ft., with reinforcement, ex- 
cept small number short rods used bond adjoining sections. 


Arizona 


The cutting edge consisted cylindrical skin plate, in. thick and 
ft. wide, bent circumference ft. diameter. rein- 
forced near the bottom edge 10-in., channel with its web 
riveted the inside the plate. the top flange the channel 
riveted horizontal 144 shoe plate, stiffened its inner 
points the vertical plate and angle brackets. ‘The 
outside the shaft concrete flush with the outside the cir- 
cumferential plate. the inside, the concrete batters from the 
shoe plate diameter ft. point ft. above the cutting 
edge, giving thickness concrete ft. this point. The inside 
face vertical for ft. above this, and then steps out the normal 
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inside diameter the shaft, which ft. The rivet heads the 
outside the cutting edge skin plate were countersunk, order 
reduce the friction. 

preparing sink the shaft, pit, some ft. diameter and 
ft. deep, was excavated, using teams and scrapers. The bottom was 
leveled and the cutting edge assembled and placed. Wooden forms 
were constructed for the lower ft. the shaft, and the concrete 
was placed. The steel forms, which were used throughout the shaft 
construction, were then set place. 

support the forms, 
twelve 16-in. timbers, 
ft. long, were set 


radial lines projecting 
cantilevers over the shaft 


rms 


Outside 
form 


walls, the outer 
ing firmly anchored 
the ground. Bolts passing 
through these timbers car- 


Space for operating 
steel fo 


ried the forms. may 
seen the section, Fig. 
the inside the shaft was 
thus left open, that ex- 
could carried 
without interference 
other work. passage was 
also left the outside 
the shaft give access 
the outside form. 


%& tw. Steel Rods 


forms were built HALF SECTIONAL ELEVATION 


surface, with plate, 

ft. high, stiffened top and bottom circular ribs built-up 
channels with horizontal web. The segments were connected 
that, when they were assembled and place, the 
the whole could decreased turnbuckles. Thus, 
when the concrete had been built up, previously the in- 
side and outside forms were fitted the completed concrete, with 


vertical lap about in., and were plumbed, and clamped place 
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tightening the braces, ties, spreaders, other 
means support were required. When the forms had been filled with 
concrete, the hanger-bolts were released; excavation proceeded through 
the open space the center the shaft, and, the caisson sank, the 
forms traveled with it. preparing for new lift concrete, the 
turnbuckles were released, the forms were pried from the face the 
concrete, raised their original level with the derrick tackles 
supported from the cantilever timbers, and reset before. this 
way shaft wall uniform thickness and very smooth surface was 
obtained. 

yd. Smith mixer, operated steam, was used. Sand 
and stone were fed the mixer from two-pocket bin, having capac- 
ity cu. yd., and were discharged into the measuring hopper. The 
bin was replenished from the stock piles directly back it, 
derrick with grab-bucket. This could done times when the 
derrick was not needed for other work. The concrete was mixed 
the proportions Iola and Riverside Portland being 
used. The concrete was chuted from the mixer directly into the forms, 
several movable chutes different lengths being used. 

The excavation was carried hand, with pick and shovel, 
the spoil being removed the derrick with 1-cu. yd. bucket. The 
core was removed, the cutting edge undermined, and the shaft allowed 
sink, the concrete being built the surface lifts 
the work progressed. 

Elevation 120 ground-water was encountered, first small 
quantities, but rapidly increasing with the depth below this plane. 
Pumps were put place keep the pit dry, and hand excavation was 
continued further depth about ft. Here the excess hy- 
drostatic head the outside the shaft was sufficient cause sud- 
den inrushes water and sand under the cutting edge, and was 
found necessary change the method The core was 
now removed clam-shells depth from ft. below the 
edge. Divers then drilled holes the supporting ring under 


the cutting edge and placed small charges dynamite. These, when 
fired, caused the shaft sink varying distances. 

When the cutting edge had penetrated some distance into the 
bed soft sandstone indicated the borings, attempts were made 
seal the shaft the undisturbed hard material sinking pipes from 
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the surface outside the caisson walls and forcing grout through 
them into the running sand. was thought that impregnating with 
grout the soft ground surrounding and for some distance above the tun- 
nel opening, the flow water might sufficiently cut off permit 
open tunneling into unfissured, less pervious ground. After the grout- 
ing was complete concrete plug was placed the bottom the shaft 
under water, and the water was pumped out. Preparations were made 
for tunneling operations. Cage guides and gallows frame were con- 
structed and hoisting machinery was erected. open crib was built 
the shaft, and working floor laid. Tracks were laid from 
the mixer the shaft and from the shaft the spoil bank. While 
work was under way cutting through the shaft walls for tunnel 
opening, other “blows” water and sand occurred, and the last 
these the work was flooded. Further efforts open tunneling were 
then abandoned, being evident that the grout had not efficiently 
consolidated the material surrounding the shaft, and that the soft 
and porous nature the ground and the high head water would 
make necessary work under compressed air. 

The foregoing method consolidating running sand foundation 
and similar work has been described successful several engineer- 


ing writings. The outcome this case showed conditions similar 
those found the construction the New York tunnels the 


Pennsylvania Railroad. The following from discussion 
the late Harrison, Am. Soc. E.* 


“Grout was used extensively the face effort consolidate 
the material. digging out the sand into which the grout had been 
injected under pressure, was found collected masses and not 
generally distributed; this was true whether the sand contained 
large small percentage voids. The interstices between the grains 
sand were too small permit the free flow grout into them; 
however, grouting the face did compact the material some 
extent and reduce the flow air through it.” 


“In the writer’s judgment, impracticable consolidate 
fine sand the injection grout that the resulting material will 
serve any useful purpose. While sufficient pressure may used 
cause penetration, the fluid will move such low velocities that the 
grout will set before any appreciable distance has been traveled. 


* Transactions, Am. Soc. C. E., Vol. LXLX, p. 400. 
Colorado River Engineering News, August 29th, 1912, 
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believed that success attained this method will confined 
coarse materials.” 
SHAFT. 


The work the California shaft will not described detail, 
the methods and results were similar those the Arizona shaft, 
the dimensions the shaft, which have been mentioned 
elsewhere. The ground through which the shaft passes somewhat 
more varied character, may seen reference Fig. 14. The 
final grade, originally contemplated, was somewhat lower than 
the Arizona side, but the difficulties construction were such that 
the final elevation the cutting edge was fixed and the 
bottom the shaft was sealed that elevation. 


Compressep Arr. 

When became evident that, owing the shattered and porous 
condition the material surrounding the shaft, open tunnel methods 
were out the question, Consulting Board, consisting Louis 
Hill, Am. Soc. E., Supervising Engineer; Francis Sellew, 
Am. E., Project Engineer, the United States Reclama- 
tion Service; and Silas Woodard, Am. Soc. E., formerly 
Division Engineer the East River Tunnels the Pennsylvania 
Railroad, the existing conditions, and 
the work carried from the Arizona shaft only. 

compressor plant rented from Charles Haskin and Com- 
pany, Tunnel Contractors. Owing the impossibility securing 
suitable labor, skilled such work, that part the country, ex- 
perienced were brought from the East, form nucleus 
trained compressed-air tunnel men. Hayden, Assoc. 
Am. E., Superintendent Construction the work 
from this time until the successful completion the tunnel. The 
rented equipment was follows: Three Ingersoll compressors: 
30-in., 244 24-in., and 24-in; vertical and horizontal air locks 
and equipment, medical lock, air receivers and coolers, and the 4-ft. 
steel shafting used above the air deck. 

The rated capacity the compressor plant was 4000 ft. 
free air per minute compressed lb. The maximum consumption 


for hours averaged 2000 cu. ft. per about 55% the 
rated capacity. The maximum recorded consumption for short time 
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Fig. 3.—SAND-BAG BULKHEAD. EXCAVATING IN HEADING. 
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was 2200 cu. ft. per min. compressor plant was thus never 
seriously taxed for long period. The average consumption during 
the tunneling operations was 1450 cu. ft. free air per minute, 
pressure lb. per sq. in. DETAILS 


VERTICAL AIR LOCK 
AND STEEL SHAFT 


Swinging Door 
Rubber Gasket 


Section of Steel Shaft 


VERTICAL LOCK, 
SHAFT, AND 
AIR DECK 


SCALE OF FEET 


50’of tuanel were constructed 
with vertical air lock; horizontal 
lock was then installed 


i] 


Fie. 6. 


addition the foregoing compressor equipment there was al- 
ready installed 12} 14-in. Ingersoll-Rand high-pressure machine, 
with capacity 200 cu. ft. per min. 100 lb. This had been 
used during grouting operations the Arizona and, during the 
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further prosecution the work, was used for operating drills and the 
conerete lock, and also emergency equipment times when the 
consumption air was great, when was not advisable fill 
the air lock withdrawing air from the heading. 

Aside from the equipment, that which was already the 
job was used. The steam plant consisted five oil-burning, horizontal, 
tubular boilers varying sizes, some which had been used pre- 
viously for the operation mixers, hoists, derricks, and others 
which were available other parts the Project and were later 
installed when found necessary. The total rated capacity the 
plant was about 475 boiler horse-power. This served for operating 
the compressors and all other machinery, and for heating the change 
and locker rooms. The fuel oil was stored one concrete and one 
wooden tank 720 bbl. total capacity, which had gravity feed the 
steam plant, and were replenished pumping directly from oil cars 
side track the Southern Pacific Railroad. The derrick, which 
had been use for excavation and installation work, and for re- 
plenishing the sand-and-stone hopper, was left place, and was 
used later for handling the material for the outlet structure and for 
dismantling the plant. was 20-h.p., American Hoist 
and Derrick Company derrick. For handling the muck and concrete, 
yd. steel end dump cars were used. These were 24-in. gauge, 
in. wide, in. high above the rail, and were manufactured the 
Pacifie Coast Manufacturing Company and the Arthur Koppel Company. 

general, the preliminary installation was follows: 
ber air deck was built mid-height the shaft. From this 4-ft. 
steel shaft led the vertical air lock the surface. Material and 
men were carried cylindrical, 8-cu. ft., buckets. The air deck 
was built twelve layers 12-in. yellow pine planks nailed 
with 40-d. nails, alternate layers running right angles. 
in. deep and in. high, the inside circumference the shaft, 
provided bearings for the deck against upward and downward pressure. 
The deck was braced near the center both directions four 
12-in. timbers 45°, the ends bearing recesses the shaft 
walls, 4-ft. circular hole was left, and the bottom cylinder was 
fastened with bolts passing through its flanges and the air deck. Other 


holes were left for pipes for air supply, electric light, and telephone 
wires. 
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From the deck the surface was ft. Six sections 4-ft. 
cylindrical steel shaft were used. These were made steel 
plate with lap-riveted joints and angle flanges the 
top and bottom. Gaskets were used between sections, which were 
bolted together through the flanges. 

The vertical air lock was 6-ft. cylindrical drum, ft. high, with 
23-ft. circular plate doors the top and bottom. The ends the 
drum were plate, dished and double-riveted the side plate, 
which in. thick. The 8-cu. ft. buckets cleared the opening 
about in. all around. The cable for hoisting the buckets through 
the steel shaft passed through gland the top the lock; was 
especially compact texture and smooth surface, thus reducing the 
leakage air minimum. The capacity the lock was about five 
buckets, ten men, with the lock-tender. 

water seal was placed above the air deck, completely filling the 
shaft Elevation 129. The top the air deck was Elevation 85. 
The actual maximum loads which the air deck was required carry 
were (a) pressure per sq. in. the lower side the deck, 
with 43-ft. water seal the upper side, and the weight 
the 43-ft. water seal with pressure the lower side. The first 
condition gave total net uplift the deck about 500 tons, which 
was transmitted the shaft the bracing timbers, and the deck 
its edge. The second condition gave total unbalanced downward 
pressure about 700 tons. the deck was designed for somewhat 
more severe conditions, the actual stresses were low, and the timber 
gave but slight evidence while under full load. The 
under side the deck was made air-tight and fire-proof with sheet 
asbestos tacked and plastered over with clay-grout. 

The boiler and compressor installation and the remainder the 
above-ground construction plant were completed during this period. 
The hoist, mixer, derrick, and change room had been used the 
previous work. Two units were added the boiler plant, and the 
compressor plant and medical lock were set up. 

During -the construction the air deck, the water level the 
shaft had been kept down pumps about Elevation 80. The air 
pressure was now raised and the water blown and pumped out. The 
relation between the river water surface and that the shaft, with 
the air pressure, showed that the soft and porous material surrounding 
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and underlying the shaft offered small resistance the transmission 
hydrostatic pressure. When the water level had been lowered 42, 
the pressure was lb. in. that time the river water sur- 
face was about 122. Elevation was set the bottom elevation 
the concrete plug. Allowing for the thickness the plug, and the 
sump, this brought the elevation the flow line the tunnel 49. 
The following considerations influenced the fixing this grade: 

First, the tunnel constructed from this elevation would have 
minimum cover high stage the river about ft., which was 
considered sufficient for safety construction this material. 
matter history, the tunnel did not reach the deepest point the 
river until after the flood period, and the cover that time was more 
than ft. 

Second, there was assurance that the ground would more 
favorable lower down. 

Third, the difficulties, slowness, and expense construction in- 
greatly with higher pressures. 

The plug the bottom the shaft was designed circular rein- 
forced concrete diaphragm, supported the edge, resist the 
mum pressure, which highest stage the river would 
about per sq. in. seemed probable that the diaphragm 
would receive its full load while the concrete was still comparatively 
new. order make possible relieve the pressure somewhat, 
ten pipes were set, pass through the plug; the lower ends were 
nested crushed rock insure free opening, and the upper ends 
were furnished with globe valves. 

provide support the shaft walls for the edge the plug, 
circumferential recess the full height was cut, and the concrete 
was roughened depth varying from in. the top in. the 
bottom. Any reinforcement encountered was cut and bent out aid 
bonding. The reinforcing steel for the plug consisted 
and square twisted rods, and old 15-lb. industrial rail. was 
lowered into the shaft through improvised pipe-lock. 4-in. pipe 
was used, with gate-valve the top and board flap-valve the 
bottom. The bottom being capped, the steel was lowered from the top 
until its end rested the board-valve. The top was then closed 
and the pressure equalized; the rods were dropped through and 
platform, and were then set place. this way steel was lowered 
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fast could set. Concrete was lowered buckets through the 
4-ft. steel shaft from the vertical air lock the surface, and also 
through small material lock. This consisted hopper closed the 
bottom 4-in. quick-opening gate-valve, and the top flat 
circular plate, ft. diameter, clamped down hand-wheel screw. 
the top the hopper there were: pipe connecting with the com- 
pressor, discharge valve, and gauge. The capacity was about 
cu. ft. The concrete was placed the hopper the top was clamped on, 
and the pressure was raised until slightly exceeded that the shaft. 
The lower gate-valve was then opened, and the concrete dropped through 
directly the bottom the shaft. Two men the bottom shoveled 
the concrete away and handled the emergency board-stop the end 
the pipe. The operation this lock proved unsatisfactory when there 
were bends the pipes, and was not used for tunnel concreting. 

When the plug was completed, tunnel work was started. The 
shaft wall was cut out the upper half the tunnel, and was 
trimmed, roughened, and keyed provide good bond with the 
first tunnel arch section. The ground immediately surrounding the 
shaft for distance about ft. was found very bad; had 
been shattered and softened the shooting during the sinking 
the caisson, and was saturated with water, practically the consistency 
quicksand. places small “boulders” formed the grout washed 
from below were found. Where the grout pipes had been with- 
drawn, the material was consolidated not more than in. outside 
the original location the pipe. 

The heading was carried out 6-ft. high segment the cir- 
cular tunnel. support the roof and sides, 36-in. steel plates, 
shown Fig. were used. These were made steel plate, 
angle-irons; the outstanding flanges were punched with holes 
spaced that alternate rings could staggered and bolted together 
with bolts. The breast was boarded and clayed tight. The ground 
was cut out the circumference the size one plate, and the plate 
set and bolted. The space between the plate and the roof was filled 
with this way ring was completed from the crown about 
ft. above the springing line each side. Trench braces were set 
radially every second third ring. The breast was then cut down 
level with the bench breast-boards, reset, and clayed, process 
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repeated. The joints between plates and between rings plates were 
over and mud-washed intervals. Empty sacks and clay 
sacks were used for 


plate 


Inside line 
of Concrete ~~. — — 


teal 
wssemicircle 


~Ead of rib blocked & wedged to line 


Plate 


CROSS-SECTION. HEADING. SHOWING 
TUNNEL PLATES, BRACING, CONCRETE FORMS, ETC. 


When advance fourteen rings beyond the finished work had 
been made, the heading, roof, and breast were tightened, the pressure 
was raised from and side trenches were cut the springing 
line. Wall-plates set line and grade, steel forms set, and the 
2-ft. conerete lining was were 6-in. channels bent 
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radius ft. in., the 6-in. dimension being radial; they were 
three sections for the semicircle, and fastened with bolts. 
The lagging was surfaced lumber, ft. long. The longi- 
tudinal joint the springing line battered from face back such 
way facilitate grouting and caulking the joint the comple- 
tion the invert concrete. 


HORIZONTAL AIR LOCK 
DETAILS 


Concrete 


Shaft Bulkhead 


Telephone and 
light Wires 


Fig. 8. 


Fig. shows section the heading completely excavated, with ‘the 
forms and lagging set, ready for the concrete. The concrete was 
dumped from the buckets into barrows, wheeled the heading, and 
shoveled into the forms. this way the top heading was constructed 
for ft. The pneumatic pressure was all times practically equal 
the head. The bench was then excavated sections 
from ft. For this the pressure required was from 
higher than for the heading. Sections bench lapped with sections 
heading, that there was joint the entire tunnel one plane. 
The arch concrete carried itself about 10-ft. span longitudinally, 
during the concreting section invert. excavating the bot- 
tom, was seldom brace the sides, except immediately 
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under the arch concrete. trench braces were set across the 
full width. The sand was kept plastered with clay within few 
feet the bottom. When the excavation was completed, profile bulk- 
heads were set the end, line and grade, and the bottom was filled 
with concrete level with the tops the profiles. the concrete 


there was then laid 12-ft. lagging, one end lying the finished work 


the previous section and the other the profile; then the semi- 
circular steel arch ribs, reversed, were set the lagging and wedged 
and braced line. This being done, the and the lagging 
were carried together the joint with the completed arch. The 
joint was then grouted under small head. 

the completion the first ft. tunnel, bulkhead, ft. 
thick, was built brick laid cement mortar, closing the heading. 
was supported near the middle four 12-in. diagonal struts 
bearing the tunnel walls. After allowing the mortar few days 
set, the pressure was lowered about lb. Leaks and open joints 
the tunnel were marked, the pressure was raised, and the 
joints were cut out and caulked with cement mortar. After suitable 
interval, the pressure was lowered atmospheric, and preparations 
were made for putting the horizontal air lock. All leaks the shaft 
had also been thoroughly caulked, and there was now practically 
leakage. The water seal the shaft was pumped out, the steel shaft, 
vertical lock, and air deck were removed, and hoist cages were placed. 

The tunnel air lock was 6-ft. cylinder, ft. in. long. was 
iron plate with double-riveted butt splices; the door-frames 
were built 12-in. channels and and the doors were 
plate, reinforced with five channels. the outside near 
the pressure end there was collar, made two 3-in. angles, pro- 
vide bearing against and bond with the lock bulkhead. The air pipes 
and valves were hung with stirrups from the top the The 
filling discharge the lock could regulated from either end, 
there being double set supply and discharge valves. The 
the lock was five yd. cars. 

The bulkhead was plain concrete, ft. thick, with two 
sets diagonal braces against the tunnel walls. Bearing the cir- 
cumference was provided 3-in. recess which had been left the 
concrete lining this section. Pipes for air supply, telephone and 
electric light wires, and drainage were concreted in. 
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When this work had been completed (October 20th, 1911), the 
pressure was again raised and the temporary brick bulkhead was cut 
out. The method advancing the heading has already been out- 
lined, and general this method was adhered throughout the con- 
struction. Sandbag and clay bulkheads were placed the lower 
half the tunnel the end the completed work during the ad- 
vance the heading, the pressure usually varying from 
the heading and bench excavation. Grouting pipes with valves were 
placed the crown the end each 12-ft. section. The pressure 
was all times within few pounds the hydrostatic head, the 
lower average pressure during the winter reflecting the lower stage 
the river. 

The heading was always kept tight plastering with clay, and 
there were serious blows long duration. While the air chamber 
the tunnel was small, the air lock was filled direct connection 
with the auxiliary compressor, avoid variations pressure caused 
locking directly from the heading. 

Fig. shows the geological formation through which the siphon 
passed. has already been stated, the material surrounding the 
shaft softened during the sinking the caisson. Within ft. 
became somewhat harder, but was very porous, and crumbled into 
loose sand when excavated. pocket loose gravel the lower 
portion the top heading ran from Stations this sec- 
tion was necessary carry the tunnel plates poling boards 
the springing line, and brace the side trenches against the bench 
thoroughly. excavating the bench, the upper portion the sides 
was planked, and long trench braces were placed horizontally across 
the tunnel about every ft. From Stations pocket large 
boulders, with pea gravel between, interfered somewhat with progress. 
The gravel, once started, ran like shot, and work progressed 
slowly, owing the danger slump the roof breast. 
lense exceedingly hard and thoroughly cemented gravel, pudding- 
stone, was encountered between Stations and The last 300 ft. 


brought light various pockets, large and small, boulders, clay, 
gravel, and quicksand. Both experienced prospectors and amateur 
miners were disappointed not finding gold-bearing gravel under 


the Colorado, although incipient boom was started salting 
muck with brass filings. 
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The pressure was dropped and all leaks, cracks, and porous 
spots were marked; then the pressure was raised and 
the leaks were caulked. The tunnel was then opened for inspection. 
The leaks remaining were insignificant, and the work all appeared 
good condition. The lock bulkhead, lock, and cage guides were re- 
moved, and the quarter turn the bottom the Arizona shaft, 
described elsewhere, 

From the time the installation horizontal lock the time 
completion the tunnel, the average progress was ft. per day. 
The best monthly progress was 165 ft., favorable ground, during 
January, 1912. The slowest progress was during February, gravel, 
boulders, and sand; this month length 100 ft. tunnel was 
completed. 

ALIGNMENT. 


The elevation the flow-line the shafts 49. For 100 ft. 
from each shaft the grade these points the 
bottom level. The line straight between shafts. 

the surface parallel offset line was run, there being obstruc- 
tions the direct line. After pumping out the Arizona shaft, and 


previous the construction the air deck, the surface line was 
plumbed down and plugs were set the shaft walls. After the installa- 
tion the horizontal air lock, the surface line was brought down and 
through the lock four times, eliminate errors. The de- 
tailed operation was follows: 

The transitman, setting the surface line, directed the plac- 
ing two 3-in. wrought-iron staples, each side the shaft, 
the line falling within the cross-bar each staple. These were driven 
into the solid crib timbers inclined over the shaft, such angle 
that the plumb line, hanging over them, would clear all obstructions 
below. The line was marked the bar with file, and the steel 
wire plumb lines, carrying 20-lb. plumb-bobs, were placed the file 
marks, The transitman, moving the telescope only slightly, not 
all, vertical direction, could then observe both wires directly 
below the points support, sighting between the legs and over the 
top the nearer staple.. The plumb-bobs were hung pails water. 
The length the base line thus obtained was ft. in. 

timber was placed across the tunnel end the air 
lock, and securely wedged and braced. The transit, small trivet, 
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was set this timber and lined sighting the plumb wires, 
oiled paper and candle being used for illumination. scratch was 
made line the far end the lock, above the door. second 
transitman stayed the shaft observe the lock for motion due 
jarring working while the pressure was raised. The first transit- 
man then locked through, checked his setting the mark over the 
lock door, plunged his transit and took readings two scales fixed 
the tunnel roof and 100 ft. from the lock. Without lifting the 
transit, the operator again locked out and checked the position 
the plumb wires the shaft. the check was unsatisfactory, the line 
was again locked through and back. The transit was once more set 
the surface and the position the wires was checked back the 
original line, thus completing the circuit. While the alignment work 
was being done, one the two cages was out commission, the plumb 
lines occupying the one cage well. The work was done time when 
all material could easily handled with one cage. 

The level-work differed way from surface leveling, point 
the lock being used turning point. each setting the forms, 
grade nail was set the breast. 

forward the line the work the tunnel progressed, 
two 2-in. wrought-iron staples were driven into the roof the end 
every 60-ft. section, line and about ft. apart. The exact line 
was marked with file the cross-bar each staple, and plumb 
line was hung the file mark. The work setting the forms preced- 
ing each run concrete was done with rule, string, plumb-bob, 
and carpenter’s level. 

The string was stretched the breast, tangent plumb-lines hung 
the file marks, and nails were set the breast and the end 
the completed work. Between these was stretched line, from which 
the foreman afterward could check the setting. Measuring from this 
line, the wall-plates were set the side trenches, exactly line, and 
approximately grade. The first form was brought in, bolted up, 
and set nearest the breast, the ends, which were the horizontal 
diameter, being braced securely line, given the wall-plates 
which they rested. The grade was then checked from the nail the 
breast, and the rib was shimmed the proper level. The interme- 
diate ribs were then set and quickly aligned between the pilot form 
and the completed concrete. The cross-section was then measured 
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up, and what slight trimming and shaping remained was done 
short time. The concrete the preceding section was cleaned 
and roughened, and the new run started. 

The setting the forms for the invert was somewhat simpler. 
profile-bulkhead was constructed, made three thicknesses 
1-in. planks, the radii the upper and lower edges the profile 
corresponding the inner and outer radii the lining. 
was cut radial lines into interchangeable sections ft. long, 
edges being bound with iron and carefully trued When the ex- 
cavation 10-ft. length invert was complete, the profile was set 
the end the section, the line and grade being measured 
from the completed concrete the arch. The bulkhead was secured 
the face iron pins driven into the ground, and was 
wedged and braced against the has been previously out- 
lined, the bottom was filled with concrete; 12-ft. lagging was then 
laid the conerete, one end resting the completed work and the 
other end the The arch ribs, reversed, were set the 
lagging, and secured against uplift wedges and cross-brace. The 
lagging and the were then carried together. The same set 
profiles was used throughout the work. was impossible check 
the line and grade the California shaft until the tunnel lining was 
complete and sealed the shaft. The differences, however, were 
inappreciable, and the adjustment was made the 34-ft. thickness 

Doctors Henri ApJohn and Tower were medical examiners 
for the Reclamation Service. certificate signed the examiners 
was required before man was employed tunnel work. 

The proportion green men was necessarily very high, there 
has been compressed air work any magnitude the region 
supplying Yuma with labor. About men, including 
the foremen, were brought from the East, and this group remained 
throughout the work. The remainder the force shifted constantly; 
was composed largely Mexicans and “floaters” who came spend 
the winter Yuma. The conditions, therefore, were unfavorable, 
far the physical make-up and the seasoning the laborers were 
concerned. 

the start, when the pressure rose above was found 
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necessary cut down the time spent under. compressed air, that 
the gangs worked total hours the heading during 8-hour 
shift. The larger number cases “bends” start, under 


conditions apparently favorable to.air supply, was undoubtedly due 


the fact that the highest pressures, averaging more than came 
time when the majority the force was composed green men. 
However, with the short shifts, there were fatal Later, 
although the pressure was times low lb., the same hours were 
adhered to, being impracticable vary the schedules with the vary- 
ing pressures. 

The time locking out was fixed from min., the rate 
decompression being made constant. This rule was rarely violated, 
except the lock tenders, who were and out very 
tervals, and whose tissues were never “saturated” air under pressure. 
similar those used the East River Tunnels, 
used for recompression and treatment cases 

The total number different men employed compressed. air 
work, from start finish, was about 1300. All these men 
time pass the medical examination. Some who were passed 
first, but who were very susceptible, were eliminated later. 
ever, those cases which the symptoms were merely pains the 
extremities, which were relieved recompression 
ment, the men were liberty return work their pleasure. 
the work was done small town, and the men lived the 
Government bunk-house the other rooming houses close hand, 
there were probably serious cases which escaped the notice the 
physicians. The records show the following cases treated: 


(1) Cases causing disability for few hours....... 299 

(2) Cases causing disability from one three days. 

(3) Cases partial paralysis, including bladder and 
lower extremities, causing disability for few 
weeks 

(4) Cases total paralysis, resulting death 
three weeks 


Those Groups (1) were largely cases pains the 
arms legs, with few cases vertigo. These were numerous 
the start; the most susceptible men, having suffered once, were usually 
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willing leave the work after the experience; these cases, therefore, 
became less account the work progressed. The cases Group 
(3) were not traceable extraordinary conditions the work the 
time their occurrence. They were scattered, and did not coincide 
with any increase the other cases, and must laid 
unknown factors the condition the men the time. The 
one death was seasoned man, who had passed the medical test 
and had worked for some time. His attack paralysis followed 
prolonged period dissipation which left him poor health and 
unable withstand conditions which might otherwise have 
weathered successfully. The record only one death the large 
number men employed, and that not directly chargeable condi- 
tions the work, job which lasted for months, fairly sat- 
isfactory, compared with other records. 

The experience the Colorado Siphon probably adds nothing new 
what known the contributing causes and the treament 
caisson disease. These have been fully discussed recent papers 
presented the Society published engineering journals. 


SHAFT—INTAKE STRUCTURE. 


The condition the California shaft the commencement 
pneumatic work has already been described. The work remaining 
done that side the river was, first, the construction plug, 
the same elevation the other side; second, arrangements for 
making the junction from the tunnel end and cutting through the 
shaft wall without loss pressure; and, third, the construction 
intake structure. 

The plug requires only brief mention. was reinforced con- 
ft. thick, and ft. diameter; and was bonded and keyed 
the shaft wall, the Arizona side. 

Above this there was constructed quarter turn the shaft, 
change the direction flow the water from vertical horizontal. 
This was concrete, and built center line radius ft. 
Above the quarter turn there was reducer, ft. long, from the shaft 
diameter ft. the tunnel diameter ft. 

The tunnel opening into the shaft was between Elevations 
and 63. vertical timber bulkhead, two thicknesses 
timbers, bolted and keyed together, was built across the proposed 
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opening. The ends the timbers were recessed into the concrete, and 
flooring and roofing 12-in. timbers placed. The space was 
filled with adobe. this way, when the tunnel through, 
would open into compartment entirely separated from the main 
shaft pressure-tight bulkhead, and strong, water-tight joint 
could made. The shaft outside the bulkhead was filled with 
sand and water Elevation 120. 

During the construction the tunnel the work the intake 
structure was completed. This, together with the main check and 
wasteway, briefly described later, controls the flow water through 
the upper portion the main canal Yuma Valley. may seen 
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referring the plan, Plate consists covered concrete 
basin surrounding the shaft, and cylindrical gate and operating ma- 
chinery which the basin may cut off from the shaft. 
somewhat original design, more detailed description may 
value. 

The main canal this point trapezoidal section, having 
bottom width ft. and water depth ft. Warped retaining 
walls reduce this rectangular section ft. wide and ft. deep. 
From line ft. front the center line the shaft, these walls, 
ft. high, swing in, and around the shaft curves ft. radius, 
compounded with curves ft. radius. the rear the shaft, 
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where these walls meet, and points 120° from it, are constructed 
three piers, enclosing the guides for the cylinder gate. The floor 
the basin ft. thick, with the top Elevation 125, which also 
the elevation the canal bottom. The flow water directly down 
into the shaft, there being obstruction except the guide piers. The 
whole basin roofed over with concrete 
which level with the top the this floor 
built the operating tower, into which the gate drawn when 
the siphon operation, and which carries the operating machinery. 

The gate has been described “bottomless tin can”, set. over 
the top the shaft; ft. high and diameter. When 
down the sill, its top ft. above the normal water level 
canal, The skin plate in. thick, stiffened the top and 
bottom rings §-in. angles, which turn are supported 
shape three radial stiffening tie-brace trusses, 120° 
from each other, connected cast-steel, three-winged center post. 
The gate-stems are secured} the gate these three points the 
circumference, are also the guide-bearing castings. 

There are two types guides, designated and The two Type 
guides merely present free bearing surface, which constrains the 
gate only radial direction. Type guide, which embedded the 
heavy rear pier, encloses portion the bearing casting the gate, 
and thus prevents both radial and circumferential motion. All three 
guides are single castings, ft. in. long, the lower ft. being embedded 
the foundation. They are anchored the concrete piers throughout 
their length, and are fixed the top triangular lattice girder frame 
which embedded within the girders the operating-tower floor. 
The guides and bearings are cast iron, with machined wearing faces. 

The circular cast-iron sill which the gate rests shown sec- 
tion with the gate Plate made six sections, bolted 
together, and anchored the concrete. bolted the guides 
the three points contact. placing the sill, the shaft was trimmed 
out roughly form bed, and the sill was brought grade with 
iron shims, and grouted place. 

previously stated, the cover the basin slab and girder 
floor. surrounded all sides with 2-in. 
Above the operating tower, cylindrical form, ft. in. high. 
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which carries gate-stand and operating machinery, and also forms 
sleeve into the gate may drawn. The three gate-stands, 
two shafts right angles each other, are operated through 
gear drive 3-h.p. motor. The gate weighs 
about tons, and ordinary operation raised and lowered 
the rate about ft. per min. The tower accessible from the 
floor the structure concrete stairway. cast-iron lamp- 
posts concrete pedestals are placed around the structure. One 
the main traveled roads the Yuma Indian Reservation passes 
around the end the canal this point. 

The the intake was carried with the same 
plant that used building the shaft. The foundations were 
excavated Fresno scrapers and hand. The foundation and 
floor were reinforced with old rails: The proportions the concrete 
for the foundations were and for the remainder the struc- 
granite screenings and sand being used for the finer 
material. The sand and stone were shoveled directly from the stock 
platform into the measuring hopper the mixer; and the concrete 
was dumped into 1-cu. yd. tip-bucket and conveyed the forms 
the derrick. Steam for the mixer and derrick was furnished 
vertical, tubular, boiler. The face forms for the 
warped walls were built the ground one section, ft., 
6-in. tongued and grooved lumber, with studs about ft. apart. 
They were lifted and carried place the derrick, and sprung 
line and braced. Cut-off walls were carried ft. into the ground, 
the ends the walls and the edge the floor. 

The intake was completed February. additional work was 
the California shaft, except remove the water and sand 
filling, and the temporary wooden bulkhead, described and 
make the connection with the tunnel. 

Fig. shows the placing the cylinder gate the shaft, and 
Fig. shows the completed structure before water was turned into 
the main canal. 


The outlet structure much simpler design, there being 
control the flow this point. The construction, however, was 
more difficult, owing the topography, the want space, interference 
with the tunnel construction and the plant, and the rise ground- 
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water the high stage the river. The ground surrounding the 
Arizona shaft and for some from the river, high and irregu- 
contour. The construction plant was grouped around the shaft 
basin Elevation 147, which ft. above the bottom grade 
the canal. The problem was construct the retaining walls without 
interfering with the operation the compressors, mixer, hoist, and 
boiler plant. The diagram, Fig. 14, showing the layout around the 
shaft and the outlet, will make clear the method construction, which 
was build the and foundation trench, the core being 
removed later. 

The east wall was built two sections, numbered and 
Fig. Each section was about ft. long and ft. wide. The 
bottom the foundation grade was Elevation 116.5 and 118.5 
Sheeting, 12-in. planks ft. long, was driven the 
excavation proceeded, with 8-in. rangers and cross-braces 
horizontal bents about ft. from center center. Ground-water was 
encountered Elevation 120; the soil was soft sand and tended 
toward quicksand below ground-water level. small steam pump 
set sump one end the trench kept dry. Elevation 
127 second set sheet-piling was driven. When subgrade was 
reached, layer crushed rock was placed, provide drainageway 
and prevent the bleeding out the sand under the wall the flow 
the ground-water. The reinforcing steel for the wall and founda- 
tion was then thoroughly wired place, and the foundation con- 
crete placed. Forms for the wall were built 5-ft. lifts, the trench 
bracing being removed and back-fill being placed the wall was car- 
ried up. The track from the mixer the shaft was carried over the 
trench stringers, and the track the dump was moved the 
other side the shaft. concrete for the wall was chuted directly 
from the mixer the forms. 

The full length Trench III was opened once; the trench 
bracing and sheeting was similar that the others. this time 
the spring floods the river had started, and the accompanying 
rise ground-water was more than ft. was found impossible 


the subgrade low the opposite wall, the upward 
flow water through the ground grew too large volume handle 
conveniently and threatened “blow up” the soil under ends 
the sheeting. The subgrade, therefore, was made Elevation 119, 


COLORADO RIVER SIPHON 


and the foundation and walls were constructed the opposite 
side.. this subgrade below the flow line canal, 
there small likelihood that the water will scour this depth. The 
flow water through the siphon during this irrigating season has 
been only small portion the full capacity the structure, and 
the velocity the outlet has been relatively low. During the present 
winter season concrete floor will placed the canal bottom 
the outlet, protecting the foundations against scour full flow. 

The retaining walls are designed resist uplift due 6-ft. 
head water, combined with pressure the back wall due 
angle repose 17° The wall ft. thick the base, and has 
the top the wall the ground slopes back 2:1 slope Eleva- 
tion 150. There berm ft. wide for road, and back 
gravel and sand hill. 

The work remaining done from the Arizona shaft was the 
removal the tunnel floor, the lock, and the bulkhead, the cleaning 
the tunnel, the removal the cage-guides, gallows frame, and 
cribbing from the shaft, and the construction quarter-turn goose- 
neck the bottom the shaft, enlarging the diameter the tunnel 
that the shaft. 

The shape and dimensions the gooseneck are shown Plate 
The changes direction and velocity are easy, and there will 
probably great loss head full Circular forms 
were built radial lines, and the lagging was brought and the con- 
crete placed 3-ft. 4-ft. lifts. The last work done before the run- 
ning water was the removal these forms. 

the ground between the retaining walls, where the canal 
leaves the shaft, there were the hoist, boiler plant, one small compressor, 
and the change room. The hoist was removed, and small hoist was 
set temporarily the opposite side the shaft. The boiler plant 
was needed only for the derrick and hoist, this time the pres- 
sure was being lowered the tunnel, and the compressors had stopped. 
The office was removed, and temporary installation three boilers 
was made this point, and everything was removed from the canal 
right way. The excavation the canal had been proceeding. from 
the other end the heavy cut section with Fresnos and wheelers, and 
the short piece remaining between the completed portion and the shaft 
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was now removed. Owing the rise ground-water was impos- 
sible excavate lower than ft. above the final bottom grade the 
canal, but channel sufficiently large carry all the water required 
this season was cut through. 

The flow water the siphon may controlled the California 
shaft, or, case accident this the main check 
and wasteway, mile stream. This structure, Fig. 13, consists 
concrete check with seven steel buckle-plate gates, and concrete 
turnout and waste channel capable taking the full flow the canal. 
The waste channel the Colorado River. The gates the 
check and wasteway may operated hand electrical power. 

Water was turned through June 30th, 1912. The consumption 
water Yuma Valley has not approached the maximum 
the siphon and will not for several years come. present, the flow 
about 300 sec-ft., which about 100 are wasted the river the 
Arizona side. The velocity the shafts and tunnel, therefore, 
low, being slightly greater than the silting velocity. Soundings taken 
the shafts indicate that little silting has taken place. The 
cylinder gate ordinarily kept raised about in. from the sill. The 
velocity the water between the gate and the sill, therefore, about 
ft. per sec. 

The completion the siphon makes available for irrigation 
gravity the upper portion the Colorado River delta, one the most 
fertile tracts land the United States. The canal system the 
Yuma Valley about 65% completed; comprises miles main 
canal and 120 miles laterals. The system has been successful 
operation during the 1912 irrigation season. 

Francis Sellew, Am, Soc. E., has been Project Engineer 
the Yuma Project since 1906. During this period Laguna Dam, 
the levee system, the system main canals and laterals, and the 
Colorado River Siphon have been constructed. 

The work the shafts, previous the commencement pneu- 


matic work, was under the superintendence Messrs. Marable 
and Hall, with Mr. Priest Assistant Engineer. 
Teichman, Am. Soc. E., designed the intake structure and the 
cylindrical gate. the tunnel construction work, Hayden, 
Am. Soc. E., was Superintendent Construction, and 
the writer was Assistant Engineer. 
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DISCUSSION 


ticularly glad that this paper has been presented, partly because 
personal interest the entire Lower Colorado (and therefore including 
the Yuma Project), and also because the Colorado River Siphon 
most interesting piece work, not only from one point view, but 
from many. regretted, however, that the author did not 
make only part paper the entire Yuma Project—for the 
preparation which evidently well qualified, judging the 
clear-cut, systematic, and, with one exception, comprehensive account, 
has given this portion—and that did not say anything about 
costs, one the most vital phases. Possibly the cost data were not 
assembled, classified, and available satisfactory form when the 
paper was submitted, but now months since water was turned 
through the siphon—the author gives such date June 30th, 1912— 
earnestly hoped that some other member the Service, will 
present the Society the complete cost sheets, with distributions, 
connection with this paper. 

page stated that the present flow through the siphon 
“about 300 sec-ft., which about 100 are wasted the river the 
Arizona side. The velocity the shafts and tunnel, therefore, low, 
being slightly greater than the silting velocity. taken the 
shafts indicate that little silting has taken place.” 

The cross-sectional area the California shaft, ft. diameter, 
226.98 sq. ft.; the tunnel, ft. diameter, 153.94 sq. ft.; and 
the Arizona shaft, ft. diameter, 415.48 sq. ft. flow 300 sec-ft., 
therefore, would give velocities 1.321, 1.936, and 0.722 ft. per sec., 
respectively. little surprising, under all the circumstances, par- 
ticularly reference the latter velocity, that greater than the 
silting velocity the water carried the canal the Colorado 
Siding. 

The method removing all but the finer silt Laguna Dam 
undoubtedly effective, and considerable percentage particles 
held suspension just below the head-works probably deposited 
the miles 80-ft. bottom width canal leading thence the 
siphon, especially while small quantity water flowing. Never- 
theless, experience Imperial Valley Project, with the 
water, that very considerable silt deposition oceurs points distant 
from canals with velocities 1.35 ft. per sec., and 
even greater, during flood stages the river. 

hoped further experience will confirm the opinion 
that little trouble from silting will develop; nevertheless, for 
few years, the operation and maintenance costs the siphon will 
watched many with much interest. 


Mr. 
Schobinger. 
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The writer also hopes that the discussion will bring out the con- 
siderations and data which caused the adoption the various diameters 
the Arizona shaft, the tunnel, and the California shaft, and par- 
ticularly weight assignéd, doing, the silt problem. 

danger the siphon silting hardly imminent Mr. Cory 
fears. Although was operated throughout the irrigation season 
1912 with flow rarely exceeding more than 300 
diminution efficiency was noted. During the season 1913 the 
flow has sometimes been high 600 sec-ft. with similarly satisfac- 
tory results. 

Fig. shows the rating curve for present operating conditions. 
noted thereon, the head available may vary under ordinary 


RATING CURVE 


COLORADO RIVER SIPHON 
CYLINDER GATE 


Gate Opening, Inches 
Fig. 15. 
stances from 1.8 2.2 ft. The loss head the gate opening 
the shafts and the tunnel has not been segregated; the flow in- 
creases beyond the limits shown, the effects influences 
will apparent the curve. 

The silting conditions the distribution system 
ley, which heads directly the Colorado River, are, course, radically 
different from those the Yuma Project, 
settling basin Laguna Dam serves efficiently eliminate much 
the silt. heavier sands, which was anticipated the de- 
sign the dam. The results series tests conducted the 
writer indicate that from 60% the silt carried the river 
dropped before the water enters the canal, and that more than 95% 
the silt the canal water below the head-gates still the water 
after has flowed through miles canal low velocity and 
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through the Colorado River Siphon. The velocity the Arizona shaft 

three times great that the sluiceway Laguna Dam, and 
therefore perfectly evident that large proportion the silt 

which might deposited these low velocities has been taken out. 

However, even these conditions were not so, and the unexpur- 
gated waters the Colorado flowed through the siphon, the writer 
the opinion that the method operation would obviate any 
serious inconvenience. the end each week the water shut off 
the head-gates, and the canals are allowed drain. When the 
water again turned in, the head available push through the 
siphon may much ft., and effectually flush out 
any light deposit the previous week. 

The writer has recently taken soundings which indicate that there 
need apprehension as’ the loss usefulness this structure 
due silting. 

doubtful whether general article the Yuma Project will 
written the immediate future. Laguna Dam, both design and 
construction, has been described very completely Vincent, 
Am. Resident and the levee work and bank 
protection Mr. The Colorado River Siphon has been cov- 
ered the present paper, and article Mr. Until 
the remaining important features the Project are way, 
not probable that general article the subject will forthcoming. 

The writer regrets that there has been discussion this paper 
engineers familiar with tunnel work. 


* Engineering News, Feb. 27th, 1908, Feb. 9th, 1905, and June 10th, 1910. 
Engineering News, Feb. 15th, 1912; Transactions, Am. Soc. Vol, LXXVI, 1482, 
t Engineering News, August 29th, 1912. 
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INTRODUCTION. 


Notwithstanding that engineering structures have but recently 
designed with precision, and that machinery know 
to-day development the past century, some the greatest engi- 
neering feats were performed almost before history began. The Chinese 
wall, the Indian temples, the sphinx—the seven wonders the world— 
will always compel our attention and baffle our imagination. truth, 
the ancients were builders mean structures, but, except some 
extent irrigation, their real engineering ends there. They were not 
producers economic necessities are to-day, but confined them- 
selves the erection monuments, such. 

Later, during the Roman era, the need political security, public 
utilities, and the spirit commercialism came more moment 
than monarchical whim, and resulted the construction highways, 
aqueducts, and sewers, which, again, command our admiration and 
respect, the more deservedly because they were for long unsurpassed. 
Furthermore, remarkable that the next achievement, the reclama- 
tion work Holland, not overshadowed undertaking con- 
forming more closely these precedents, the fundamental cause for 
such departure doubtless being economic necessity. 


Presented the meeting June 4th, 1913, 
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All this time the engineer was, primarily, builder without special 
training—with nothing but his judgment and common sense guides. 
remained for the Renaissance, with the steam engine, produce 
the and the technical man busied with the construction 
works public utility, and for the present day evolve what may 
called the new engineer: the man commerce, industry, business, who 
makes engineering means rather than end—the man affairs. 

Henceforth, managers and business men will more and more 
chosen from among those engineers who can back stresses 
the money side things; and bankers are already relying engi- 
neers decide the advisability investments, the kind and magnitude 
structures, the operating and financial programme. For the engi- 
neer who can still farther back—back the dollar, the public 
good—there opens the vast field government administration 
and policy forming—the field the engineering economist—for gov- 
ernment, particularly municipalities, large measure 
engineering business nature. This illustrated appraisement work, 
organization, where the appraiser must decide such questions fair 
profit, what about franchise value, whether expenditures were 
justifiable, what class service adequate, and whether insist 
extending the right eminent domain public utility corporations. 

Considering the opportunities newly presenting themselves the 
engineer, there seem certain professional duties which must 
discharge before may walk worthy the calling wherewith 
are called, two these being the obligations contributing educa- 
tion (of both the public and the Profession) and applying newly 
established principles. 

There should foundation, possibility, for remark that the 
engineer should limited the bounds stresses and dimensions, 
and not stroll over into financiering and managing. Rather, should 
common report that the engineer, seeking the truth 
(as must) stands not the shows things but things them- 
selves, that he, being closely related all industrial adventures, must 
necessity familiar with questions governing their inception and 
their modus operandi. Over and above more generally establishing 
the engineer’s fitness sit councils—literally based this cap- 
ability—is higher duty, which will become more and more clearly 
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defined. This the duty reconciling business and the people, 
being peacemaker between those who produce our economic goods and 
those who consume them what seems too high cost.. Many the 
differences between capital and labor arise solely from misunder- 
standings, ill-selected points view, and limited knowledge: know 
all forgive all. There are fortunate few who, managing and 
evaluating, have opportunity establish amicable relations between 
seller and buyer. There much greater number who can accom- 
plish somewhat the same result participating professional dis- 
cussions, local public meetings, and consultations boards direct- 
ors, the extent explaining the complexities modern sociology 
and 

the end that members the Profession may the more ably 
carry this great work public education, they should endeavor 
educate one another systematic and thorough interchange 
ideas such subjects business and banking, human nature and 
government, rather than continue leave each strive best each 
may, obtaining individual effort fragmentary knowledge thereof. 
illustrate this point, may not out place call attention 
the confusion existing regard “Going Value,” “Water,” and 
“Development Expenses,” brought out the discussion the paper 
Henry Earle Riggs, Am. Soc. E., entitled “The Valuation 
Public Service and the fact that one seems 
know just what with “discount bonds,” question discussed 
parts that paper. Such principle that good enough best, that 
“one may get too much for one’s should established 
among engineers applied habitually. Another example the 
evil results having centered perhaps too large proportion at- 
tention, Profession, technical details, and too small propor- 
tion the working principles big things, the unfortunate state- 
ment that “it would be, not only bad engineering, but bad business,+ 
engineering and business were not, fundamentally, one and the 
same thing—bad engineering can nothing else than bad 

The second large professional duty, that taking the initiative 
applying principles, readily suggested two statementst 


Transactions, Am. Soc. E., Vol. pp. 255, 276, and 187. 


The Water-Works and Sewerage Monterrey, L., Mexico,” Transactions, 
Soc. E., Vol. 581. 


Transactions, Am. Soc. E., Vol. pp. 246 and 282. 
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engineering and economics the discussion Mr. Riggs’ paper, one 
the effect that engineering occupies part the subject 
economics, and the other that “the engineer essentially economist.” 
Without quibbling over the question whether economics part 
engineering engineering part economics, may stated 
axiomatically that modern engineering based, not personal am- 
bition, national pride, worship stone, military necessity, but 
economics. real political economist acts this theory. Financiers 
and statesmen always have been such, and engineers now are. More 
than this, Courts times require them establish their theory. 
Our present social and commercial structure places the engineer 
the obligation taking the lead. The engineering economist, the 
new engineer, must guide the banker well build and operate his 
plants; must act mediator and policy former ques- 
tions state; must launch out into the deep. quote from the 
Presidential Address John Am. 


Soe. E.: 


“There seems also disposition avoid participation the 
discussion public questions, even when closely related the work 


the Profession. When Congressional Committees call the 
Society for advice with regard pending legislation, involving ques- 
tions relating engineering, would seem proper function 
the Society render such aid may practicable. 

“In fact, might well, under proper conditions, even 
farther, and use the influence the Society may have mould public 
opinion along lines free from local political bias, when our public 
works are the subject discussion. 

* * * * * * * 

“As matter fact, the Society already regarded the public 
highly that its members are looked with special favor the 
Courts when expert testimony required, the Government when 
seeking for capable men for service works, and munici- 
palities where men integrity and ability are looked for fill posi- 
tions trust relating the engineering side city government. 

“In speech the Society House recently leading politician 
New York announced that they have come realize that, the interests 
the city are best served appointing the important 
offices which have charge the physical welfare the city general. 

“This true many our cities, and the Profession steadily 
growing public favor; loyalty the Society the part of. all its 
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members wherever they may located will greatly stimulate this 
growth,” 

Led his interest this newly conceived field professional 
activity, the writer begs present some reflections sociology, com- 
mercialism, and the theory engineering expenditures. 


STRUCTURE. 


foundation for the ideal conduct life, there has been formu- 
lated the proposition that the greatest good possible should striven 
for (whether this eliminates individual, genus, species); that the 
common weal the proper goal; and that, not only one generation 
age considered, but that all future generations and ages 
should have proper weight.in the final sum total welfare. That 
say, all life has its standing court, plant animal, pres- 
ent future. 

the end that man should have his fair share this world’s 
goods, there were organized the primitive protective leagues which 
have developed into our modern governments, one the highest func- 
tions which modern protection, the exercise po- 
lice power, defined as: 

“That power which inheres legislation make and enforce all 
manner reasonable regulations and laws preserve the peace, order, 
and safety society, and prescribe the mode and manner which 


every one may use and enjoy that which his own not pre- 
clude corresponding use and enjoyment their own others.” 


To-day, man longer needs protection against his original savage 
enemies. They are conquered, and now turns his attention other 
pursuits, foremost and basic which the production and distribu- 
tion more economic necessities and luxuries, the direction “the 
great sources power Nature for the use and convenience man.” 
mutual protection undoubtedly influenced the form early gov- 
ernment, have, to-day, inevitably, business form government. 
Business the chief occupation the average individual. live 


commercial age. Business and government to-day are inseparable, 
but, originally, human welfare (and not government business) 
the causa causans government and business. 

This point deserves emphasis. The good the people the primary 
object government and business, “business” prosperity being sec- 
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ondary and incidental end, or, more correctly, simply means 
richer and fuller life. The long-time security investments, ulti- 
mate stability government, and eventual greatest common weal 
man are inextricably interdependent. Whatever truly furthers the 
one furthers all, and whatever threatens one does, the long run, 
threaten all. 

the creature and creator, the servant and master, this triple 
alliance (that people, government, and business) stands the engi- 
neer. abhorrer greed, seeker the truth, designer, builder, 
and operator public utilities, once: the people’s protector, 
for the innocent investor can know first hand nothing the 
security his savings; the business leader, for going concern 
engineering product; the advisor governments, for business rightly 
has voice government, and many governments now embark 
business; and the mediator disputes arising between people, busi- 
ness, and government. 

The actual state affairs long way from that just outlined 
the one striven for, albeit the general trend toward, rather 
than away from, perfection: though yet, but some day, the lion 
will lie down with the lamb. 

People collectively and individually contribute imperfections; 
lacking knowledge what constitutes the supreme good, man has 
builded the philosophy the good man. Individually, all 
cases (to greater lesser dégree) place the good self first; one’s 
self paramount one’s fellows; altruism, the spirit service, comes 
second. Collectively, times make expenditures 
money; dissipate the property posterity with spirit absolute 
indifference the future; war among ourselves, one institution 
against another. 

Government, lacking the one-time incentive the protection 


the governed from external enemies, has given part its energy 
protection from internal enemies. now have vested interests 
and special privileges. Our economic ills to-day, such high 
tariff, monopoly caprice, concentration wealth—and down 
painful and familiar laid the door government, ap- 
parently without realization that America the People the Govern- 
ment. have nationally, need individually, more awakened 


spirit, that our business form government will the sooner 


| 
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purged its ills through the application com- 
mercial unified policy favorable all interests. 

Business, blinded the dust extensiveness, has times failed 
perceive its primary fundamental object, been guided 
its secondary fundamental object: the welfare the people has been 
incidental the apparent welfare business. With the cessation 
territorial annexation and colonization coming the more clear- 
sighted and deliberate period intensiveness, that already the 
short-time balance accounts gives way the long-time reckoning: 
corporations are, happily, changing their attitude—they are beginning 
see farther than their noses, and consequently are considering the 
effect their policies have the ultimate stability business through 
their effects 


EXPENDITURES. 


engineering enters intimately into every phase human 
life, and every engineering proposition must needs financed, the 
writer much interested the general subject engineering ex- 


penditures. realizes that: 

the work-a-day philosophy the good all life 
entirely too abstract and general—it sort sacred standard. 
There needed more concrete criterion—a field tape, 
were—in determining whether object worthy, which test 
must necessarily be, “Will pay? How much money will 
The sum tota] all our investments, order that may not de- 
plete what capital has been handed down us, must net least zero; 
and, are bequeath much property per capita 
this sum total must net positive quantity. 

2.—By happy combinations capital and labor are enabled 
add the world’s wealth, its increase being. measured the profit- 
ableness the venture which depends the acumen displayed 
selecting field, erecting plant, and managing the business 
whole. Each these three phases (selection, construction, 
becoming, through our division labor, with its consequent con- 
centration and specialization effort, multiplication possibilities, 
and increase size units, more and more difficult proper 
solution. 
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successful engineer who grasps the principle that 
engineering business—that good engineering good business—and 
solves the questions, “How much?” and “Will with capable en- 
gineering business judgment. any engineering business possibility, 
the engineer, before passing the security investment, must know 
the balance between gross annual expenditures and gross annual re- 
ceipts; the difference giving the net annual income, positive negative 
the case may be, but always positive except when people are busi- 
ness for their health amusement. This rigid requirement, that 
undertaking must commercially feasible, strangles the industrial 
application many scientific possibilities. 

Notwithstanding that analysis profit, complete, must 
enumeration the factors gross income the one 
hand. and gross expenditures the other; and, further, notwith- 
standing that receipts and expenses are generally interdependent, this 
paper deals but little with the former. hoped that some one will 
present paper the elements entering into gross income. 

brief, total income product unit prices and the number 
units sold, both. fluetuating the law supply and de- 
mand, the law monopoly distribution—in any event according 
the law variation returns. 

The factors total annual cost—to deal with this some- 
greater interest first cost (unmistakably including 
development cost); depreciation sinking fund; the creation 
reserve for extensions, betterments, and unforeseen contingencies; 
outlays for raw material and supplies; maintenance and repairs; wages, 
salaries, and royalties; rent, taxes, and insurance. These factors, 
within themselves, are, addition, involved complex 
illustrate: 

designing important bridge, considerable attention may 
given the question economic dimensions, first cost alone’ being 
considered. then remembered that first maintenance 


are bound together, indifferent material and workmanship necessitating 


heavy up-keep Moreover, precisely depreciation 
should allowed take place and exactly what extent should 
repairs, only one the multifarious issues the en- 
gineer must determine. moment, receipts, 
the rate exploitation exhaustible resource fundamental 
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importance its bearing first cost: Should plant 
capable using all available raw material ten years, thousand? 
final example, illustrative the influence any factor the cost 
production has every other factor, and the weight each has 
the balance between income and outgo, may consider the rate 
exploitation perpetual resource; more specifically, may ponder 
the height dam any water-supply problem enters into 
questions cost and useful and wasted draft. 

These considerations bring the general question the best size 
engineering expenditures (“What the best height dam within 
the limits height giving rise proper return cost,” and “What 
the best rate exploitation limited quantity being two 
examples), which question the following theory 

all possible arrangements all expenditures, that one best 
which secures the maximum present worth ultimate total incomes. 
This statement applies imaginative case dealing with the sum 
total all expenditures and receipts. That say, does not mean 
that $10000000 spent railroad will net final profit worth 
now $15000000, whereas $20000000 spent will yield sum worth 
now $26 000 000, then the latter amount the better invest, unless 
the second 000 would idle put enterprise which 
would ultimately return sum the present worth which less than 
generalize this limitation: all possible opportunities 
for investment should considered the light all the revenues 
they would yield, and those investments should made which would se- 
cure the maximum total the present worths all incomes, more 
less capital being put here there procure this result. The example 
the dam may further clarify matters: From the point view 
the dam investment alone, want the highest rate interest; but 
may possible, the one hand, put elsewhere part the money 
available for this purpose yet higher rate, which event would 
choose some other than the highest rate obtainable from the dam; 
the other hand, dam larger than that securing the 
the dam cost might yield more returns the surplus investment 
than that same money could earn elsewhere, whereupon would 
again, some other than the highest rate obtainable from the 
dam. other words, put our money where would the 


most good. 
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Time another element included the general statement, may 
seen from the following exhaust body ore this 
year would net save that ore for use during the 
fiftieth year from now would net more (interest being taken 
5%), would good business thus delay, $0.0872 being the 
present worth fifty years hence. Or, again, policy would dictate 
delaying years then more than $11.4674y and now only would 
produced (interest being 5%, $11.4674 the value $1, 
annual compound interest, fifty years hence). Taking this same body 
ore, could mine all in, say, one ten (disregarding 
other places put money), beginning now, mined one year 
net profit $z, and mining during years uniform 
profit obtained annual net profit greater than 
exploit the slower rate. (Here interest has been taken per 
annum, $1,62889 the amount $1, annual compound interest, 
years from now, and $0.0795 the annual annuity required 
accumulate ten years.) other words, would spend our 
money when, and the rate which, would the most good. 

repeat: The ideal engineering expenditures would secure the 
maximum present worths net income. 

obtain this ideal distribution financial resources among all 
departments industry would necessitate two steps. these the 
first would set differential investigations (for each and every 
commercial enterprise), enquiring into the relation between expenses 
and revenue, several trial solutions being necessary determine the 
results variation the size physical plant and 
ponement initial development subsequent improvement. These 
differential investigations having been made from time time, and 
new possibilities presented themselves, the results would sent 
central clearing house where the second step, that integration, 
would taken. There the higher engineering would performed— 
the financial decisions made—in the light public policy, industrial 
and welfare, and the results disclosed the differential in- 
vestigations. From purely commercial point would 
put forth secure such extensity and intensity industrial ac- 
tivities, changes here, allowing more money for con- 


struction operation there, hastening exploitation one place, and 
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conserving resources another, secure constantly, under chang- 
ing conditions, the maximum present worth net incomes ultimately 
derivable from all business, The men who would thus fix the world 
budget should necessarily broad and sympathetic, 
tegrity, well schooled and experienced, and possessed such knowl- 
edge the inwardness things realize that who would rule 
must servant base their apportionments the propo- 
sition that, the end, the labor and capital interests, the human and 
industrial interests, the interests people, government, and business, 
are one. 

the commercial world could stub along without realizing 
sense this underlying theory engineering and business, engi- 
neering expenditures. Indeed, seem cases absolutely un- 
cognizant the relation between business and people, the princi- 
ple compound interest. Some concerns muzzle the that treads 
out the corn, others fail conserve resources, and others, contrariwise, 
are admittedly charitable. For the most part, however, our organiza- 
tions fit into the system fairly satisfactory way, from the point 
view both the humanist and the commercialist. The secondary 
fundamental business, that concern must make money, auto- 
its application. business does not pay, fails—the 
result simple and unavoidable. must get more money out 
business, whole, than put (financial efficiency, speak, 
must apparently greater than 1), and the only way this 
turn labor into capital means existing capital. Our machinery 
will never completely self-acting. We, also, must work. striking 
balance between gross annual cost and gross annual income, there 
is, all organizations, considered whole, positive profit, except 
early bad years. 

the case large and old companies, this profit times less 
than should reason unknown development costs. Nor 
development cost the only factor total cost sometimes neglected, 
depreciation being overlooked only less frequently than it; but, all 
all, any going concern pays. too many items are neglected, one 
way another, ceases going concern. 

Only chance can the best arrangement all factors total 
had: maintenance dependent first cost, length 
life, cost repairs, and cost reproduction; operating expenses 
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are subject change without notice, because improvements the 
arts fluctuations supply prices wages; accident frequently 
plays its part the cost the finished These and many 
other influences render the minimizing coats comparative matter 
requiring the best engineering business judgment. 

the daily conflict the commercial world, there 
temptation overlook the theory maximum present worths net 
forget those generations yet come, and strike out, every fellow 
for himself and “the devil take the hindmost,” pursuit maximum 
present returns. 

This due some instances partly selfishness, but, regardless 
motive, there are always certain limiting the perfect 
adjustment engineering expenditures. One these our lack 
information the future: know not day may bring forth. 
Another the fact that some people prefer have their property 
within sight than place elsewhere more profitably. Again, many 
not wish “to carry all one basket,” even though single 
one promises less trouble and more gain. The fact that capital must 
eompletely develop leave entirely untouched property 
considered legal entity, whether not the maximum possible de- 
velopment the most economical, whether not part the required 
capital could more profitably placed elsewhere, still another cir- 
cumstance limiting perfect adjustment expenditures, also the 
requirement that certain funds handled financial entity (be kept 
intact) even though distribution means more 
projects would bring better results. Lack funds most common 
all. foregoing classes limitations may considered 
special cases, and are unimportant comparison with the general 
prevailing knowledge present and future conditions and 
possibilities. The man with only small amount invest 
make large outlays search the best opportunity, but must 
head when sees it.” those who handle large sums can, 
rule, informed only certain specialized fields business, and 
cannot completely cover even those; and best the heaviest bankers 
can know only few all the places where they can make secure 
investments. 

This absolute impossibility sending all information central 
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clearing house, taken with the accompanying red tape, which would 
tie large amounts investigations, and which human frailty 
would certainly become entangled, has given rise local and national 


concerns; practical working engineering business organization 
composed small and large units, apparently separate and 
but, effect, part whole. 

Small rule-of-thumb undertakings may require engineer what- 
ever, but the small banks and, rule, individuals controlling more 
than very moderate sums, retain engineers for advice design 
per instructions. the physical plants necessary the every-day local 
affairs—such affairs are assumed paying nature and re- 
quire only limited capital. 

get into fields more and more importance, the engineer 
occupies increasingly conspicuous position, example the tran- 
sition from local national. engineering being given 
where energetic citizen makes water-power filing, then has pre- 
liminary investigation possibilities made, the result which may 
justify careful and detailed study more experienced men, which 
study may turn lead large financial interests design, construct, 
and operate hydro-electric plant.. lead up: idea, local 
engineering study, bond issue development. The local engineer 
handles the big jobs must done those who can 
furnish the money. 

There thus seen the absolute necessity for money trust—for 
ring men commanding tremendous amounts capital (it may 
the accumulated savings. nation) furnished with 
accurate information the probable balances between expenses 
and incomes large ventures, endowed with good judgment, and 
broad philosophy, which ring can direct where money shall spent, 
how much shall spent, and who shall spend it. money trust, 
central authority, absolute 

Certain abuses with which “money” now charged are not neces- 
sary: The producer should not underpaid while the consumer 
overcharged—he the same man, and him rests “prosperity.” 
Arbitrary decisions should not made the revelations 
scientific discoveries, with the object momentarily swelling the 
private purse. just cause can found for dealing now 
shorts and longs—for selling what have not got and buying what 
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never expect own. Nor can excuse violent and sudden fluctua- 
tions the value stocks and bonds, with the panic 
strong market, the manipulator may desire, while the wheels 
industry turn, unheeding, precisely the same. Furthermore, gain re- 
sulting from high prices and low wages should not capitalized. 
“Water” bad business. The management investment securities 
with resulting transfers certificates ownership, which 
called financial engineering, necessary incidental modern eco- 
nomic conditions and entirely different thing from bull and bear 
skirmishes. Such things are fact entirely foreign industry, 
good business, sound enterprises. “Such things ought not be.” 


CoNCLUSION. 


Having passed through the eras constructing temples, erect- 
ing personal monuments, cutting ourselves off from intercourse 
with other peoples, stand to-day the age international com- 
mercialism, but not commercialism its height. Although the 
pendulum seems swinging back, although some sense again the 
raising roses instead dollars, have only begun see the vast 
field engineering business. Commercialism, big business, here 
stay. 

The application the theory engineering expenditures possi- 
ble only when bankers have broad vision and wide range choice; 
they can invest money most profitably only when they know all possi- 
bilities. production and satisfaction service are best 
obtained large units, monopolies. Competition, with its duplica- 
tion expenses, uneconomical, and contrary the principle 
division labor. want one butcher, one baker, one candlestick 
maker. The best kind business well-managed big business. 
The day little things has passed. 

each individual now has voice local and National govern- 
ment, too each will come time have actual direct share 
small and big business. Each will have some daily occupation 
(something keep him busy with his immediate physical surround- 
ings), together with securities (bonds, shares stock) issued 
large business concern. will come time common owner- 
ship big business, over and above general possession only per- 
sonal effects, either government ownership widespread indi- 
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vidual ownership small amounts stocks and bonds. either 
event, because the interdependency business, government, and 
people, will come—are coming—by means 
interest, closer alliance between them. self-interest 
not anti-commercialism, pro-commercialism. The making 
money not incompatible with the making men. Both processes 
will Corporation publicity and the spirit individual serv- 


ice are only the first feeble gasps new-born co-operation busi- 
ness, government, and people. 


DISCUSSION 


Lewis Haupt, Am. Soc. (by Parsons’ 
admirable paper worthy being read and known all men, and 
especially the members the Profession whose duties make them 
pioneers the development the resources which the Creator has 
placed their disposal, 

The altruistic, fair-minded, open-handed spirit which permeates this 
“philosophy” fully with the Golden Rule that, 
were realized and practiced engineers general, would make them 
the dominant agency for the general uplift humanity. The man 
who touch with Nature and correctly interprets her secrets is, 
necessity, lover truth, and one inspire confidence his 
judgment and integrity. 

true that good engineer must economist; but economy 
not always synonymous with business. “High finance” lives 
credulity, fluctuations “on cupidity, patronage, and other 
elements, too often created and sanctioned under the guise law, 
and erroneously assumed that the more money put circulation 
appropriations from the public treasury, the greater the benefits, 
regardless the results. should not forgotten, however, that 
the revenues are derived from the people whole, and are doled 
out special interests employed under the control the 
Government, whose main purpose serve the appointing power 
and hold the party patronage, that the larger the appropria- 
tions the greater the power and the stronger the party. This policy 
Government soon leads despotism and profligacy, with resulting 
distrust and destitution, the remedy for which found 
economic, judicious application public monies secure definite 
results approved plans demonstrated experience, and also 
free and open competition, with right appeal—in case disagree- 
ment—to impartial arbiters, and not the parties who frame the 
specifications, and make themselves the final and sole authority. 
has brought ruin many honest contractors who have met 
with unforeseen and unexpected physical obstacles, with ignorant 
inspectors. 

The author has shown how “many-sided” the well-qualified engineer 
should be, mot only the various branches his profession, but the 
collateral ones finance, legislation, organization, and business 
general, and not, merely honest man skilled the technique his 
how few there who reach this standard. 

the engineer who knows what required the physical world 
with which has deal does not also assist and the Legal 
Profession the legislator the framing laws authorizing and 
regulating transportation municipal improvements, there great 
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danger injury and injustice being done the community; as, for 
instance, the case the disposal the sewage densely populated 
centers like New York Chicago. 

the latter instance, the quantity potable water- required 
render the sewage innocuous was carefully determined, per capita, and 
open conduit was constructed, legal authority and enactment, 
discharge that required volume across the Chicago Divide into the 
Illinois and Mississippi Rivers—a quantity necessarily increasing with 
the density population. Now, when found necessary pass 
000 cu. ft. per sec., dilute the sewage sufficiently, the Government 
withholds its permission, leading the inference that the residents 
along the route the outflow must content use water con- 
taminated sewage, injurious health, and which must increase ‘in 
its percentage albuminoids with time; else, that the Sanitary 
District must find some other method disposing its refuse matter 
after expending millions good faith and approval the Govern- 
ment. “Business and Government” are inseparable, but the latter 
should liberal, not dominant; stable, not fickle; regulative rather than 
executive the physical works and operations which may safely. 
and honestly administered competitive corporations. 

If, stated, the “good the people” were the primary object 
Government, partisanship would soon disappear, and many the evils 
accompanying politics would vanish. cannot expect such con- 


dition, however, under the laissez faire policy keeping out politics 
and letting the machine run itself, the old needs the engi- 
neer prepare the way for better standard, socially, morally, physi- 
and even spiritually. Then “every valley shall exalted, and 
every mountain and hill shall made low: and the crooked shall 
made straight, and the rough places plain”: and highway shall 
there, which the wayfaring man may find occupation and repose. 


writer has read this paper with much thinks that any 
papers discussions which will tend broaden the field engineers 
should encouraged. 

The author’s questions, “Will pay” and “How much will cost,” 
reach the core. 

Speaking the old-time engineer, the author says: “All this time 
the engineer was, primarily, builder without special training—with 
nothing but his judgment and common sense guides.” From old 
and new works and from plans which the writer has seen and heard 
about, inclined think that these two items, with liberal 
allowance loyalty ‘and “stick-to-it-ness,” are the principal qualifica- 
tions engineer. cannot have judgment unless has acquired 
good education and has had extensive experience. 
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connection with the author’s general statements, might 
worth while take into consideration the testimony given the 
preface Wait’s “Law Operations Preliminary Construction 
Engineering and 

“Tt not the mere competency design, draft, lay out, and super- 
intend work that gives reputation engineer. This work done 
assistants who are comparatively unknown the profession. The 
men who control and direct the work are men ideas and 
business capacity, whom companies and proprietors expect will look 
after their business conservatively and hold their investments secure 
and profitable. This, contended, depends largely upon their busi- 
ness and legal training. Without this training graduate engineers find 
their many technical qualifications without weight the estimation 
their employers, and they feel keenly when men with general 
education are taken from the ranks clerks and office help and are 
given direction work superintendents and managers wholly 
account their knowledge the business policy which directs the 
financial operations and because they know from association and study 
how decide ordinary questions business and law.” 

Following along the lines broader business policy for engineers, 
Cory, Am. Soe. E., recently presented before this Society 
very interesting and instructive paper “Irrigation and River Con- 
trol the Colorado River Delta.”* not only the engineer- 
ing features, but gave complete financial and commercial summary 
this important work. This the first time the writer has seen this 
important part construction enterprise treated this manner. 
now well known that the overhead charges, such promotion, 
financing, discount and interest bonds, general charges, amount 
from 100% the cost the construction items. Many papers 
are written the technical side engineering, but practically none 
the business and financial side. 

one time was considered unprofessional for engineer have 
anything with the contractors actual construction. other 
words, his work was confined the survey, designs, and inspection. 
Now, there hardly contracting company which not handled 
wholly part engineers. 

Engineering has been defined many ways “the art making 
the dollar the farthest,” and “the art directing the great sources 
power nature for the use and convenience man.” Why not 
combine these and define engineering the art directing the great 
sources power nature for the use and convenience man 
the most economical manner 


very thoughtful paper. The engineer becoming more and more 
necessary and important factor the modern social and economic 
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Mr. and such papers tend bring out this point dignified and 
Markwart. scholarly manner. 

this day, labor value and creates value, and the highest 
efficiency thereof constantly sought the end that there may 
loss. The use labor and. the expenditure capital 
efficient manner the function the modern engineer. re- 
motely ancient times human life had but little value, and Pyramid 
was conceived satisfy ruler’s whim furnish for him monu- 
ment which known after ceased exist. Though 
true that the ancients constructed such monuments with considerable 
skill—and one wonders how and what means they were carried out— 
there was wealth created thereby, understand the term 
result human activity. 

Modern engineering the result necessity, and offers peaceable 
field for achievement. The construction such great work the 
Panama Canal, for the benefit humanity large, calls forth one’s 
unbounded admiration. The engineers this undertaking have made 
personal sacrifice. have given time and attention work 
which isolates them for long period, and acts their personal dis- 
advantage many ways. The emolument received small, and they 
are removed from their usual associates and haunts, causing them 
more less forgotten; the gap made soon closed. Truly there 
much food for thought when one realizes the obligation society 
such fore-lopers. 

The engineer ancient days knew nothing the science engi- 
neering now understood. His work was the result experi- 
ment, wall ft. thick was insufficiently strong and fell, one 
ft. thick was provided the next venture. Beware the engineer 
the present day who constructs his work this manner. 
the tendency the engineer be, not.a parasite, but creator, and 
creator with constructive and not destructive theories. Furthermore, 
training, his impulses are those the conservationist. engi- 
neers would knowingly waste the materials and resources their 
disposal. These are tendencies the right direction, and are funda- 
mentally economic theory. 

Normally, the engineer has but little interest public life poli- 
tical activity. This seems peculiar when reflect that all his train- 
ing. has been along line which tends produce the careful and 
logical thinker. should factor any progressive régime, 
whether political commercial, not hedged precedent 
prejudice. Generally speaking, the engineer has responsive and 
receptive mind ordinary problems, and seeks shown the 
truth. 

The writer this point would call attention the apparently in- 
creasing demand the engineer the architectural problems to-day. 
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would seem that the architect gradually and voluntarily giving 
his place master builder. does not fill the same office did 
Michael Angelo, who was turn, painter, architect, engineer, 
and poet. the contrary, the modern architect does not allow himself 
qualify this broader field art; assumes his most important 
work along esthetic lines alone. more concerned about the 
exterior appearance his building than about any other feature. The 
facade, color scheme, and floor plan seem hold the major part 
attention. Whether the construction the proposed building will 
good commercial proposition concern the architect; 
rarely does make logical and convincing analysis conditions 
ment condition. Such matters the financial report, the 
design, and the execution the scheme are frequently left the 
engineer. This support the general idea advanced Mr. Par- 
sons, and confirmation the opinion that the engineer entering 
broader field activity. 

There present movement the part engineers develop 
code This should encouraged and fostered. The archi- 
tect has his code ethics, and, generally speaking, recognized 
and established standard for the profession, even the eyes the 
layman. All such have, component schedule fees, 
and though, the face things, this may appear mercenary, 
there doubt that there considerable necessity for such 
feature. The adequately compensated, the com- 
pensation being measured terms the service rendered. mani- 
festly low price insufficient compensation argument for poor 
article inadequate service. proper compensation must needs 
result better moral standard, and any code should in- 
clude schedule prices, bring this about. 

Mr. Parsons has mentioned the ever-increasing demand for engi- 
neers the various: political, social, and commercial fields. 
becoming more and more the function the engineer act adviser 
actions disputes between labor and capital; becoming the 
scientific purchasing selling agent for large corporations; as- 
the valuation property, for sale rate-fixing purposes, 
moment. 

Engineering, from broad viewpoint, requires large supply 
common sense, executive ability, and action. Our colleges should 
take this into consideration their teachings, with the ques- 
tion moral training, the end that engineer one 
who can relied operate successfully under high moral 
standard, that his opinion and advice will sought when other 
sources fail. 


4 

q 

q 

Mr. 


Mr. 
Markwart. 


DISCUSSION THE PHILOSOPHY ENGINEERING 


has been said that the engineer frequently looks after his 
client’s financial interests better than his own. There probably con- 
siderable truth this remark, and such condition inconsistent 
when consider the broad responsibility the modern engineer. 
This must avoided, for there something the theory that personal 
financial prosperity some degree measure one’s success. 
Prosperity, some degree, promotes higher ideals, and, after all, the 
higher ideal that which should attained all walks life. 

The old theory that business should charge all that the 
will bear false, and other advanced and broader theories are taking 
its place. Good service now, and will continue be, considered 
which rendered. Competition service will the future 
the spur which actuates opposing principle 
essentially with and operation. From now on, reduction 
price not necessarily going obtain the business. Superior and 
improved service will have rendered. The “Philosophy Engi- 
neering” very clearly brings out this phase modern business. 

only question time, corporation activities, when many 
mooted points will settled, and very probably the engineer. For 
instance, what consideration should given the ease free rights 
way regards rate-fixing purposes? Should the public partner 
this extent? Again, continual change methods, the cost 
plant equipment being constantly plants cost 
more than latter-day plants, resulting cheaper service fur- 
nished the latter-day plants. Does seem fair “junk” the early- 
day plant which was built good faith? Further, the unearned incre- 
ment principle will put firmer basis. All such are problems 
that should solved the engineer. 

The writer disagrees with the author whether the “Money 
Trust” absolute necessity. The question proper control 
complicated that doubtful whether all conflicting points. 
consoled. money trust unquestionably destroys private 
initiative. Many enterprise starts result individual effort. 
should nothing prevent such initiative, for the reason that 
many worthy movements would thereby remain unborn. Individual 
initiative must continue, and continue there must incentive, and 
have that incentive there must the anticipation personal profit. 
New under-developed localities would remain dormant left the 
money trust alone. 

The author suggests the possibility economic rate invest- 
ment regards the public large; commercial clearing house, 
were. This Utopian, but interesting thought. would 
quite possible, however, individual cases investment, de- 
termine what rate, for instance, ore bodies should exhausted 
order produce the most economical results, the sense, 
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time being obtain the ideal expenditure is. 
problem the calculus, similar to, but more complicated than, the 
determination the economical diameter pipe line power 
plant that the value power lost friction bears the proper 
relation the value the horse-power generated. 

The writer will conclude agreeing thoroughly with the author 
that the commercial big business here stay, but must temper 
with the esthetic, the end that what good and great, 
Our acts and our engineering should good behold. 
monument here and there, the time the ancients, will 
harm. 


Assoc. Am. Soc. (by paper mr. 
deals with phase the Profession which has received very limited 


thought; indeed, too little; but, course, pressure affairs has pre- 
vented the engineer from devoting the time which, otherwise, 
would have liked give. 

not less important than the subjects which receive more atten- 
tion, and the neglect which has suffered has been responsible large 
extent for the lack appreciation for the engineer and his absence 
from the councils higher affairs. 

The neglect kindred lines study college the beginning 
the engineer’s mistake; too often sees too much importance the 
technical side his course, and after life too readily accepts the posi- 
tion servant too engrossed technical details bothered with, 
and, sometimes expressed, “to bother with,” managerial coun- 
Ernest Am. Soc. E., his paper “Engineering 
Its Relation Training for Engineering Work,”* handles 
this side the subject exceedingly well the studies recommends 
for the third-year course, and the perfunctory attention the 
subjects mentioned that lies the lack appreciation for the engineer’s 
importance the social structure brought out Mr. Parsons’ 
Does display the interest that social structure which would 
inevitably draw him into the big things, or, possessing that 
interest, allow languish beneath his engrossment details? 

fact, the engineer can learn great deal from the salesman 
and advertiser. Publicity will benefit the engineer. Just business, 
engineering, the consumer has know where look for his 
engineering service. Among engineers there need the strict 
ethics that exists among medical men. Where the public 
find the capable and efficient man, that person keeps himself 
practically unknown outside very narrow circle 

Then, his opportunity comes, loss how present 
his facts, ideas, and convictions the briefest yet most telling way. 


Transactions, Am. Soc. E., Vol. 1090. 
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accomplish this must have mind the philosophy engineering, 
working knowledge psychology, and experience public speaking, 
backed convincing assurance. fact, must salesman. 
engineer from one the larger engineering offices New York City, 
one who had charge number improvement works, once boasted 
the writer having, gone before meeting town 
council, connection with his work, and made telling speech 
which persuaded make certain additions the plans. 
average traveling salesman would have thought more that than 
that engineer would have thought accomplishing survey which 
was little out the ordinary. 
Continuing Mr. Parsons’ paper, read: 


“This rigid requirement, that undertaking must commer- 
cially feasible, strangles the industrial application many scientific 
possibilities.” 


This only too true, and yet the development possi- 
bilities, which may have seemed first lacking commercial 
feasibility, has made the Edison Laboratories the center 
valuable invention history, and also has put the German nation, 
account its government laboratories and government-aided 
investigations, the foremost rank chemical knowledge 
development, 

Mr. Parsons argues the importance the development scientific 
possibilities which tend toward the ultimate good humanity, and 
this bases his convictions the necessity “money trust.” Then, 
the government the people, and money trust holding the 
lated savings nation necessity, and the people’s government 
should one and the same. 

The passing Mr. Morgan conceded all mark the 
beginning era financial arrangements. The economic 
ills mentioned Mr. Parsons are traceable human frailties, and, 
recognizing this, the people are insisting that their accumulated sav- 
ings shall not risked the power one man group men, re- 
gardless irreproachable character integrity, unless they are 
directly responsible them for their acts. 

The United States Government has departments which have for 
their. work functions other fields, similar those mentioned 
Mr. Parsons for his central clearing house, and their acts have the 
power the government behind them. Then why should 
not have department with the functions the author suggests? 

Further, would require engineering the highest order, and 
which the Profession would greatest importance, why should 
not Society, conjunction with the other great engineering organ- 
izations the country, take the initiative movement toward that 


engineers much better recognized, concerted 
action their part would certainly attention. 
tions are based the deepest thought, give evidence having been 
thoroughly: considered, the least traces personal 
professional ambition, and carry with them the conviction that they 

are for the far-reaching good humanity, the movement will succeed. 


paper has fallen into the hands men more worthy than he, who 
have treated points view, with the matureness 
thought which comes from decades practice, and, masterly theses 
kindred subjects have appeared elsewhere, little could 
now added advantageously any one. the 
money trust, however, which present incurs the disfavor several 
factions, the writer desires make some closing remarks. 

Past abuses this elusory organization must corrected, not 
from without, but from within. Only the money trust itself, prior 
much more serious stage the malady with which the nation 
afflicted, can temper Voluntarily, when comes 
under the control men big enough more generous, will 
allow adequate compensation all producers; for its own welfare, 
private initiative will encouraged, the man with good commodity 
will given opportunity find market, and will receive fair 
reward. Under stronger and more enlightened money trust, in- 
human greed will peacefully diminished; capital, capital, will 
consider the substantial needs the people, its retainers; and stock 
exchange juggling will cease. Through the merest common sense, 
will correct its many abuses. 

Moreover, the control, small ring, much ready money 
necessary order that tremendous undertakings may accomplished, 
that new territory can vitalized the result world-wide pro- 
longed conscientious search for that which most promising, The 
tension, financial stringency, political 
and social unrest, could passed quickly and safely all bankers, 
spirit mutual interest, would get together with that end 
view—if there were firmer and better money trust. 

Nor precedent lacking for such financial authority: The Edison 
Laboratories are not, content with the resources any one locality. 
something wanted, searched for, everywhere, great cost. 
result investigation with central clearing-house 
reports and decisions, the Edison Laboratories produce handsomely 
for the use and convenience political government the in- 
dividual not large enough unit; neither the family nor the 
state. have national head and even international formalities. 
Similarly, the individual normally merged financially the local 


Mr. 
Parsons. 


community. Next order, sub-control local affairs, 
accumulating resources some particular bank, and on.* 

Must not have admittedly supreme authority matters 
finance, coterie bankers, with its hand the pulse 
the world? 

broader conception, these men would members more 
than commercial clearing house.. Money simply medium ex- 
change and standard value.. represents stored-up life, and 
such regarded with awe. ‘Those who control control the 
lives the people and the welfare the nation. All differentialities 
human are not reduceable man, with his human frail- 
ties and only human knowledge, precise amounts money. 
necessary, therefore, that these men have, addition ability, 
training, experience, and judgment, broad human 
Furthermore, they must men who can oppose with iron hand, 
need be, improper Study should given them 
such matters national interest the high cost living, the per- 
nicious influence morality rag-time thought, speech, song, dance, 
and dress, the fact that so.many cases has given place homo. 
World patriots finance, the interests capital, could naught 
but afford “even break” and “square deal” each and all, for, 
secure perpetually maximum present worth net incomes, there 
must happiness, loyalty, industriousness, integrity—all the superb 
qualities—on the part all the people. Industry should for the 
use and convenience man, for, the last analysis, not bank 
accounts, but lives and souls, which count. The engineer to-morrow 
will be, let hope, human engineer. 

were easy matter enlarge the powers the money 
trust until absorbs every function government. should then 
have ask ourselves where were coming out; what these all- 
powerful men might do; and how they chosen. Under 
pure democracy, should run the danger having for our rulers 
prize collection demagogues. With restricted 
might gradually overpowered oligarchy serving its own end. 
inherited monarchy would sometime fall imbecile. 

to-day, have system that works, and great need 
exists for radical departure, although some precautionary measures 
should taken. The Reclamation Service and the Department 
Commerce and Labor, the one spending many millions dollars, 
guided presumably the ideal theory investing our money where, 
when, and what amounts, will the most good, the other serving 
the people sociological sense—these two divisions govern- 
ment might unite forces, developing into department-controlling 
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industry, but hardly likely that such necessary step. 
have now government look after our many needs and troubles. 
have financial rulers (the real rulers) deciding our commercial 
issues. have individual strong men. are 
variance, and unavoidably so, for rare for even only two minds 

What will philosophy engineering? Will there 
industry for profit, industry for abuse, industry for profit 
and use, will there chaos? are facing big problem; one 
for the individual, educator, and engineer solve. Social, political, 
educational, moral, and economic conditions are changing. The con- 
centration population presents its own difficulties. With all our 
luxuries clamor for more, the belief that some 
day shall have enough make happy and industrious. The 
vast resource opportunity the past century has passed with it. 
Competition from now for quality. Peace prevents the 
elimination the strong, sanitation and amelioration conditions 
preserve the weak, that the strong become stronger, the weak, 
weaker, and competition increases under artificial selection. This 
means more bitter disappointment more losers. The struggle for 
existence relic the past, but this game life, what strife 
may come? The question not one organization, but 
not how much property accumulated, but the use which 
put; not system, but men. need closer harmony be- 
tween existing working parts. 

The big task before the engineer to-day help the world out 
the uncertainties complexities, theories, and tendencies—the 
work his hand—into new condition stable equilibrium. This 
means sober, industrious, healthy, educated, courageous individuals, 
short, good citizens. means, also, broad-minded, far-sighted, 
unoppressive industry, good business. strong and wise government 
necessary. Perfect team work between business, government, and 
people called Fundamentally, the need always men. 

“God give men! time like this demands 
Strong minds, great hearts, true faith, and ready hands; 
Men the lust office does not kill; 
Men whom the spoils office cannot buy; 
Men who possess opinions and will; 
Men who have honor, men who will not lie; 
Men who can stand before demagogue, 
And damn his treacherous flatteries without winking! 
Tall men, sun-crowned, who live above the fog 
public duty and private thinking: 
For while the rabble, with their thumb-worn creeds, 
Their large professions and their little deeds, 
Mingle selfish Freedom weeps, 
Wrong rules the land, and waiting Justice sleeps.” 


Mr. 
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RATIONAL FORMULA FOR ASPHALT 
STREET SURFACES. 


Every now and then the question is, raised: the proper 
crown give asphalt and there discussion which 
the many formulas to-day gives the best results. 

Having been asked this question many times the past few years, 
and especially while connected with municipal improvements Los 
Angeles, Cal., the writer has given the matter careful investigation, 
and, comparison the surfaces proposed the various formulas, 
has arrived the conclusion that the crown rise should vary with the 
cross-fall well the grade the roadway, and that crown con- 
siderably lower than that proposed the well-known formula the 
late Andrew Rosewater, Am. Soc. E., should used streets 
having cross-fall between the gutter grades. The writer even favors 
one which slightly lower, where there eross-fall the roadway; 
and, having reached these conclusions, proceeded determine the 
proper amount reduction make the crown for varying cross- 
falls. After great many experiments adopted the following 
modification Mr. Rosewater’s formula. gives the best results, 
using one-eighth the cross-fall plus in. the reduction factor, but 
some may wish change 0.12H the formula 0.10H, even 
0.08H, order not reduce the crown quite much; however, the 
following recommended: 


(0.12H 
0.06) 


. 
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the 


cross-fall the street, the difference elevation between the high 


2.75 3.00 


such 


jori 


the height the crown above the 


and 


mean gutter grade, feet. 


o 
o 
2 

aS 
o 
= 


> 


Crown Rise, ror VARIABLE Cross-FaLLs, IN FEET. 
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however, may desired some time hold 


the water the upper gutter, and this may accomplished, without 
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the side slope the surface, shifting the crown the 
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increasing 


hich 
the percentage grade longitudinally the street 


will noticed that roadway having very steep cross-fall 


the upper gutter will not hold water, which, the 


extreme cases, will harm, and will very often save cross-gutter 


and low gutters, feet 
the intersection 


TABLE 


FORMULA FOR ASPHALT STREET SURFACES 


upper side the center the roadway shown Fig. which indi- 
cates special cross-section that point. 

Table compiled from the formula for the more common road- 
way widths Los Angeles. 

Figs. illustrate the comparison between Mr. Rosewater’s 
formula and the modification herein proposed 40-ft. roadway 


Rosewater 


N 
QMYGMAW[o 


having grade. Fig. for cross-fall; Fig. for cross-fall 
ft. between the mean gutters, and Fig. extreme case with 
cross-fall ft. between the mean gutters. Fig. illustrates sec- 
tion which the lower half meets the formula and the upper half 
modified hold the water the upper gutter. 
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THE STORAGE FLOOD-WATERS FOR 
IRRIGATION: 
STUDY THE SUPPLY AVAILABLE FROM 
SOUTHERN CALIFORNIA STREAMS.* 


Many the richest sections California are valleys and plains 
the foot abrupt mountain ranges. The climate for 
raising citrus and semi-tropical fruits, but, due the long summer 
droughts, this can only done where there sufficient water for 
irrigation. The value the products has been great, and, beginning 
with the small irrigation ditches the Spanish days, the most per- 
fect systems irrigation the United States have been built up. 

The source all the water used these sections the streams 
from the neighboring mountain ranges. secured 
direct diversion, storage surface reservoirs, pumping from 
the underground gravel beds fed these streams. large part 
the total run-off the streams comes during short rainy season, or, 
the case those heading the highest ranges, with the first hot 
weather the summer. Rainfall records for years Los Angeles 
show that average 75% fell during December, January, Febru- 
ary, and March, and the run-off Southern California streams shows 


corresponding percentage. the case some the streams head- 
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ing the snow fields the Sierra Nevadas, from 15% the 
total run-off comes during 10-day period June July. 
the middle and late summer months, when irrigation needed most, 
the streams have reached their low-water flow. For this reason many 
large storage reservoirs have been built, and large areas are irrigated 
pumping from underground basins. 

rule, the area land which can placed under cultivation 

measured the quantity water available, and great expense 
warranted increasing the supply. many places there are 
practical reservoir sites directly the streams, and others the 
available reservoir capacity only small part the total run-off. 
Even where conditions are most favorable for storage, there are many 
seasons when insufficient for the total flood run-off. Irrigation 
has now reached point where all the flow available for direct diver- 
sion use, and, particularly Southern California, reservoirs 
have been constructed all available sites the streams. many 
places the pumping draft from underground basins great the 
inflow, greater. The percentage the total run-off which can 
put beneficial use can increased only diverting the flood flow 
reservoirs outside the natural drainage, increasing the flow 
into the underground basins. 

The question the quantity water available for storage this 
way becoming very important wherever the water supply for irriga- 
tion extensively developed. The principal problem the diversion 
large flow from the flood-water for short time and its storage 
for smaller flow during the entire irrigation season. This now 
being done number the late projects various parts the 
West. The object the investigation described this paper was 
get some idea the quantity water now being wasted, but still 
available for storage this way. The San Gabriel River, with unusu- 
ally good records run-off, was taken typical case. 

This river large portion the southern slope the San 
Gabriel Range, and one the three principal streams Southern 
California. The mountain area above the gauging station contains 
222 sq. miles, and somewhat rectangular, shown the map, 
Fig. The elevations range from 1000 ft. the gauging station 
10080 ft. San Antonio Peak, with average about 4000 ft. 
elevation about 5000 ft., the ground covered with dense 
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growth brush; above that level there more less timber. The 
geological formation granite, with thin soil covering. Precipita- 
tion the form rain, except the higher peaks. Though there 
are rainfall records from any station inside the mountain drainage 
area, practically all the precipitation comes from the general storms 
shown the records for the neighboring valley stations, the quantity 
increasing with the elevation. Below the gauging station, which 
the foot the mountains, the river flows across the San Gabriel Valley, 
wide gravel wash, through break the foot-hills the Narrows, 
and across the Coastal Plain the Pacific Ocean, distance about 
miles. 

The gauging station was established the United States Geological 
Survey 1896, and the records obtained since 1898 are said 
very satisfactory. The records the flow from 1896 1902 are 
published the form monthly averages, and are shown Fig. 
Since 1902 the daily flow published the annual Water Supply 
Papers giving the surface supply the United States. The station 
well above all tributaries the river and below the diversion 
the power and irrigation canals. careful record the flow 
the canals kept, and given separate tables, but combined 
with the flow the gauging station the diagrams showing the 
daily flow the river from 1902 1910. (Figs. 10.) 

Years experience have shown that, for irrigation and power 
purposes, sec-ft. the greatest flow that can counted for 
any considerable length time, and, result, this has been the 
capacity the diversion canals. Except during the rainy season, this 
diversion capacity great the total flow the stream, 
greater. Fig. shows the number days, during each the eight 
years, which the flow exceeded sec-ft., and the duration the 
varying flows 1000 sec-ft. average for those years for 
which the flow was more than sec-ft. 148, and that which 
was more than 1000 sec-ft. 184 days. The individual years 
differ greatly from this average. 

place has ever been found the drainage area where storage 
could obtained, and all the flow excess sec-ft. runs down 
the gravel wash the San Gabriel Valley. Here certain quantity 
passes into the underground storage the gravel beds, and supplies 
the numerous pumping plants scattered over the surface the under- 
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DAILY FLOW 
SAN GABRIEL RIVER 


1902-03 Rainfall Upland 
Total depth of Run-off 
Depth of Run-off used by Canala 2.80 ** 


1000 Sec-ft. 


500 Sec-ft. 


280 Sec-ft. 


80 Sec-ft. 


Jan. Feb. Mar. Apr. May June July 
1.13 in, 0.48 in, 0,22in, 0,15 in, 
“ o« 


Oct. Dec. | 


0.03 in, O,10in, O,.77in, O48in, 1.34in, 398 in, 
210% 4.00% 0.63 ** 0 


Depth of Run-off 0.02 in. 
Rainfallat Upland 0 “ O41 2.05% 2.54% 


Total Discharge 29650 Acre-ft, 


SAN GABRIEL RIVER 
1903-04 Rainfall at Upland 
Total depth of Run-off.. 2.49 ** 
Depth of Run-off used by Canals 2.08 ** 


1000 Sec-ft. 1000 See-ft. 


600 Sec-ft. 500 Sec-ft. 


280 Sec-ft. 


Feb, Mar. Apr. May June July 


0.23 ip, 0.58in, O40in, O84in, 0,07 in, 0.07 in, 
G18 177% 0.30“ Tr. 0,07 


Sept. Oct. Nov. Dec, | Jan, 


Depth of Run-off 0,12 im, 0,13 in. O.12in, 0,13 in, 0,13 In, 
Rais fall at Upland 0.42 o“ 0.39 426 
Fic. 4. 


600 See-ft, 
280 
2000 Sec-ft, 2000 See-ft. 
280 
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DAILY FLOW 
SAN GABRIEL RIVER 
1904.05 
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Total Discharge 159128 Acre-ft 
0 to 80Sec-ft.flow 36750 


Rainfall at Upland 25.56 in, 
Total depth of Run-off 13.44 * 
Depth of Run-off used by Canals 3.11 *' 


500 Sec-ft. 600 Sec-ft. 
280 Sec-ft, 280 Sec-ft. 
Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. 
Depth of Runoff 0.00 in, 0,06 in, G07 in, 0.00im, 219m. 6.34im. 1.65im, 0.22 in. 
Rainfall at Upland 0 0.96 1.09 « 430° 687 O88 3.54% or 
Fic. 


DAILY FLOW 
SAN GABRIEL RIVER 
1905-06 


500 Sec-ft, 


280 Sec-ft. 


Total Discharge 234 776 Acre-ft. 
0 to 80 See-ft.flow 44050 


Rainfall at Upland 20.34 in, 
Total depth of Run-off __ _ 
Depth of Run-off used by Canals 2.73 ‘* 


Sept. Oct. Nov. Dec. Jan, Feb. Mar. Apr. May June July Aug. 
Depth of Run-off 0.16 im, 0.15 im, O.22in, O22in, O36in, 11.22in, 2.90in, L78ine O.80in. 0,38 in. 
Ralnfallat Upland0.17 0.02 296 200" 403" 2482 265 0,20 oe 
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DAILY FLOW 
SAN GABRIEL RIVER 


1906-07 


FOR IRRIGATION 


Total Disenarge 349540 Acre-ft. 
0 to 80 See-ft.flow 49950 ‘* “* 


Rainfall at Upland 31.56 in, 
Total depth of Run-off - . -29.68 
Depth of Run-off used by Ganals 4.23 ‘* 


1000 Sec-ft. 


Nov Jan. Feb. 
0.20 in. 0.98in. 3.98 In. 
0.76. 910% 671" 810% 


Sept. Oct. 
Depth of Run-off 0.24in. 0.21 in. 
Rainfall at Upland Tr, oo” 


DAILY FLOW 
SAN GABRIEL RIVER 
1907-08 


280 Sec-ft. 


June July Aug. 
127 ia. 0.46 in, 


May 
1.82 in 
0.12" 


Mar. Apr. 
9.76 in, 4.93 in. 
7.32 0,53 


Total Discharge 83200 Acre-ft. 
0 to 80 Sec-ft. flow 47550 ‘* * 


Rainfall at Upland 
Total depth of Run-off 6.69 
Depth of Run-off used by Canals 4.03 ‘* 


1000 Sec-ft. 


500 Sec-ft. 


280 Sec-ft. 


80 Sec-ft. 


Sept. Oct. Nov. Dec. Jan. Feb. 
Depth of Rup-off 0.30 in, 0.35 in. 0.32im. 0.30 in, 0,94 in. 


BRainfallat Upland 214% 0.22 7.15 


4.34 


1.26 fn. 


Mar. Apr. May June July Aug. 


L07 in, 0.78 0.61 im. 0.36 im, 0.22in, 0,19 in. 
140“ 1,32 0,60 “ o“ Tr. ove 


g 
1000 Sec-ft. | 
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280 Sec-ft, | 
2000 Sec-ft. 2000 Sec-ft, 
1000 Sec-ft. | 
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DAILY FLOW 
Total Discharge 179850 Acre-ft. 
SAN GABRIEL RIVER 0 to 80 See-ft. flow 43720 “* « 


1908-09 


600 Sec-ft, 


80 Sec-ft, 


Sept. Oct. Nov. Dec. Jan. Feb, . . June July Aug. 


Depth of Run-off 0.15 in. Q.17in. 0,17in, O24in, Q1¢in, 6.02in, 222in, 1L29in, O,72im, O43 im, O26 in, 
Rainfall at Upland 1.96“ 1.03 0.96 108“ 7.04" 395 006 O02 « 


Fie. 


2000 Sec-ft. 


DAILY FLOW 


SAN GABRIEL RIVER Total Discharge 140040 Acre-ft. 
1909-10 0 to 80 Sec-ft. flow 43730 “ ‘ 


280 Sec-ft. 


May June 
Depto of Run-off 0.20im 0,19in, 0.24in, 1.76in. 6.87im, 0.97in, 0.70im, 0.30in, O.21in, 0.14in, 
Rainfall at Upland 0 2339 eal” 293% O56 236 0.20% oer oe oie 
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1903-1910 
IN WHICH THE FLOW IN THE SAN GABRIEL RIVER 
EXCEEDED 80 SEC-FT., 
AND DURATION OF VARYING FLOWS 
UP TO 1000 SEC-FT. 
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ground basin. The remainder now waste water running into the 
Ocean. 

difficult determine the quantity water entering the under- 
ground storage, exact measurements the waste flow have ever 
been made. The principal factors governing are the character 
the material the surface the wash, the area covered the stream, 
the velocity the flow, the temperature the water, and the quantity 
suspended matter. All these factors will vary with the individual 
character the different periods flood flow. The late Clapp, 
Am. E., Hydrographer the Geological Survey, 
made some measurements along this line 1903, but did not consider 
them all satisfactory. They showed maximum absorption 
sec-ft., May 23d, 1903, the main river channel between the 
gauging station and the Narrows, where much the surplus water 
the underground storage the San Gabriel Valley forced 
the surface. pumping used extensively the valley, the greater 
part the natural underground flow now being put use, and 
must taken into consideration the available supply for 
further economic use. 

the case flood-water diverted from the natural channel for 
surface storage, presumed that will used for irriga- 
tion territory tributary the underground basin fed the stream. 
All return water would flow into and offset any losses caused 
the diversion. The quantity this return water not determin- 
able, but variously estimated from 50% the water used. 
Again, any diversion, even the maximum economic quantity, 
will still leave times when there water flowing the natural 
channel, and will simply shorten the time when there water flow- 
ing that channel. For these reasons not considered necessary for 
any such diversion pass large flow order maintain the exist- 
ing conditions the water supply the underground basin. Where 
the diversion for the purpose increasing the underground storage, 
the conditions are somewhat different. The maximum 
sible should obtained the natural channel, and considerable 
flow should passed into before any diversion made. 

During the rainy season the majority years there are one 
more periods few days which the into the thousands 
second-feet. these periods the flow too great and the duration 
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too short warrant handling any diversion. That part the 
total run-off the San Gabriel River which available for further 
economic use storage, either surface underground, the flow 
excess sec-ft. plus reasonable allowance for water entering 
the underground basin, but not including the extreme floods. 

For the purpose determining this flow, there are available the 
records the daily flow for the eight years, shown the hydro- 
graphs. The only way test the reliability any deductions drawn 
from these records, relation long periods time, com- 
parison with the rainfall records which have been kept for much 
longer time. This comparison will only apply general conditions, 
for, though the stream run-off dependent directly the precipita- 
tion, the percentage showing surface run-off varies greatly. Much 
depends the general seasonal conditions and the character 
the individual storms. Fig. illustrates some the characteristics 
the rainfall and run-off during these years. shows how greatly 
the percentage the run-off depends the conditions under which 
the rainfall comes. the season 1905-06 few very heavy storms 
gave large percentage run-off, which great part was 
extreme floods, while nearly the same rainfall 1908-09, coming 
large number smaller storms, gave smaller total run-off with 
larger quantity under moderate flood stages. Similarly, the season 
1904-05, with the precipitation falling dry water-shed, gave less 
run-off for all stages flow. These are only few the factors which 
govern the quantity run-off resulting from the precipitation any 
given season. However, the general seasonal conditions precipita- 
tion give some valuable information regard the possible supply 
for storage. 

Fig. diagram showing the rainfall for number Southern 
California points. Fig. shows the seasonal rainfall number 
places near the drainage area, expressed percentages excess 
deficiency from the long-time mean. These diagrams show that the 
period from 1897 1900 was the dryest years, the dryest 
years, the San Diego records are any value for comparison. 
This far back records extend, but early California 
history indicates that there has been one other period that kind 
within the past 100 years. This period might taken into consideration 
limiting condition, but any short-time average, using the records 
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during that time, would give results which would too low. The 
average rainfall from 1902 1910 very near the long-time average, 
and the different seasons represent all but very unusual conditions. The 
season 1903-04 had very light rainfall and that 1906-07 
unusually heavy one. Any conclusions drawn from the records 
these eight seasons, except abnormal cases, should cover the condi- 


tions met the future. 
AVERAGE RAINFALL FOR 7 FOOT-HILL STATIONS AND 
DEPTH OF RUN-OFF FOR DIFFERENT DIVISIONS OF THE FLOW 
SAN GABRIEL RIVER 


1906-07 1907-08 1908-09 1909-10 
12. 


the available supply for surface storage, 
once evident from the rainfall records that there are large number 
alternating seasons which the run-off comparatively small. Any 
large surface reservoir drawing its supply from diversion the flood 
flow would have furnish the supply for more than one irrigation 
with each filling. order caleulate the available supply for such 
reservoir, necessary select period during which the run-off 
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represents limiting minimum condition. Figs. show the 
total discharge for the flood periods under consideration and the dis- 
charge which would have been available for varying diversion capacities. 
Fig. shows the discharge curve for all flows 1000 sec-ft. for 
the several seasons. During these eight years, the period from Janu- 
ary, 1903, October, 1904, gives the limiting minimum condition. 
The rainfall records indicate that, other things being equal, the sup- 
ply available during this period, used during two irrigation seasons, 
would have been greater than that which would have been available 


RAINFALL 
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SOUTHERN POINTS 


LOS ANGELES 


SAN BERNARDINO 


SAN DIEGO 


during any similar periods which included the seasons 1872, 1878, 
1882, 1883, 1899, and 1900. These seasons include 12% the years 


for which records are available, but each these years there would 
have been some storage water, some them probably enough for 
the half-reservoir capacity necessary for one irrigation season. 

was found, during the drought from 1897 1900, that practically 
every irrigation system Southern California depending sur- 


face water supply was covering too territory for such period. 
was also shown that orchards could kept alive for one two years 
with very little water, the only loss being the crops for those seasons. 
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The increased cost water for irrigation, should considered 
necessary hold enough storage cover such period, would 
much greater than the value the lost crops. Also, the area land 


TOTAL DISCHARGE, 
SAN GABRIEL RIVER, 
DURING FLOOD PERIOD, 
AND DISCHARGE NOT EXCEEDING 
VARYING RATES OF FLOW 


Fie. 15. 
which could placed under cultivation with the existing supply, and 


the resulting value that supply, would have greatly reduced. 
Another point that must taken into consideration that there can 
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resort pumping, even great cost, cover short periods 
deficient supply. these reasons not thought necessary 
consider extreme conditions for the economic minimum supply, 
and thought that the period from January, 1903, October, 1904, 
may taken the limiting economic condition the water supply 
which could obtained diversion the flood-waters the San 
Gabriel River for surface storage. 


TOTAL DISCHARGE 

SAN GABRIEL RIVER 
DURING FLOOD PERIOD 
AND DISCHARGE NOT EXCEEDING 
VARYING RATES OF FLOW 


The limiting with regard the available supply for 
increasing the storage the underground basins are somewhat dif- 
ferent from those for surface storage. The slow movement the un- 
derground waters tends equalize the varying flows the different 
years, and the great extent the underground basins gives almost un- 
limited storage capacity. Where the present pumping draft 
great the natural supply, greater, the full capacity these 
basins, above the limit economic pumping, available for in- 
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creased storage. The ultimate supply available the total flood 
run-off the maximum year; but, the cost spreading the water 
delivering shafts and galleries would considerable, the 
economic limit where the value the stored water will warrant 
the expense obtaining the storage. Although this will vary with 
each individual case, general average, this limiting condition 
taken the maximum supply which can relied for average 
one year out three. this case, again, short periods ex- 
treme flood cannot considered available. 

For the eight years under consideration, the season 1908-09 
meets this condition for the San Gabriel River. The rainfall records 
show that 30% the years for which such records are available, 
the rainfall was greater than for that season, and for 70% was less. 
would seem probable that, the flow records for the seasons for 
which the rainfall records were available, this season would still meet 
this limiting condition. 

The measured run-off the San Gabriel River shows that, for the 
period from January, 1903, October, 1904, there were 210 days 
which the flow was more than the 80-sec-ft. capacity the present 
diversions. During that time little more than 76000 acre-ft. passed 
these diversions and down the wash the valley. this quan- 
tity 46000 acre-ft. could have been handled diversion having 
capacity 500 sec-ft. During these two seasons, there were 500 
acre-ft. available for the present canals with the 80-sec-ft. capacity. 
Similarly, during the season 1908-09, nearly acre-ft. passed 
the diversion point the present canals 175 days, with 
acre-ft. available for 500-sec-ft. diversion. During the entire season, 
44000 acre-ft. were available for the canals. were possible 
obtain storage for this water expense warranted its value, 
would possible double the area now irrigated from the surface 
flow the river. 

The ratio between the capacity the diversion and the discharge 


through during the flood season much smaller for large diversions 
than for small ones. the case surface storage, the diversion canal 
would large factor the total cost, and, increasing the under- 
ground storage, the number basins shafts and galleries would 
one the main factors. The size the diversion which would 
give discharge warranting the expense the storage matter 
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which would have worked out connection with some special 
project. For the purpose obtaining idea 
such storage, two assumed cases are given. 

The first assumes that basin the foot-hills can converted into 
storage reservoir, and that the flood-waters the San Gabriel River 
brought diversion canal. The limiting minimum 
supply assumed that for the period from January, 1903, 
October, 1904, covering two irrigation seasons. The loss evapora- 
tion and seepage assumed 25%, the duty water 
acre-ft. per acre, and the value the water right $1000 per inch 
annual flow. also assumed that, besides the 80-sec-ft. capacity 
the existing diversions, flow sec-ft. passed meet any 
possible ultimate losses the supply for underground storage prior 
water rights; that is, that water diverted until the flow more 
than 100 and, when more than that, flow least 
sec-ft. maintained the natural channel below the diversions. 
The details the results which could obtained such diversion, 
under these assumptions, are given Table 


San River STORAGE. 


Quantity 
Diversion, in Discharge, in available for | Area irrigated, Value of 
second-feet. acre-feet. irrigation, in in acres. water right. 
acre-feet. 
100 700 275 820 $454 840 
200 100 22 575 5 644 773 223 
300 87 300 27 975 6 994 958 178 
500 46 180 34 635 8 659 1 186 288 


the second case assumed that series pools, connected 
with shafts and galleries, each capable absorbing flow sec-ft., 
constructed take the flood-waters the San Gabriel River. 
The flow taken for the computations that the single season 
1908-09. order increase the present underground storage, the 
present water level would have raised and the overflow from the 
low points the basin increased. assumed that this and other 
losses will take 50% the increased supply delivered the under- 
ground basin. Some the water stored the season under con- 
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sideration, and years when the flow greater, will have 
used equalize the deficiency the dryer years. assumed that 
two-thirds the water which could stored during this season 
would available for pumping during any one season. The duty 
water, before, assumed acre-ft. per acre. The value 
the additional water stored this way very difficult estimate. 
Under general conditions, the cost pumping greater than the 
cost maintenance the distributing system from surface supply, 
and the capital invested less. this case, increase the 
underground storage would result the irrigation lands now 
little value, and would make them great value, assumed that the 
value the net available increased storage the same that for 
surface storage, that is, $1000 per inch for the water right. Besides 
the present diversion sec-ft., assumed that flow least 
100 sec-ft. maintained the natural channel whenever pos- 
sible, order assure the maximum absorption that channel. 
With these assumptions, the details the different possible diversions 
are given Table 


San River ror 


Quantity 
Diversion, in Discharge, in available for 
second-feet. acre-feet. Pamping. te in acres, water right. 

acre-feet. 


Area irrigated, Value 


The general value $1000 per miner’s inch for water rights 
gives fair idea the local conditions the San Gabriel 
Valley. the current rate cents per inch per hour delivered 
the groves, the annual charge per inch about $175, 500. 
This, acre-feet, gives warranted investment $171.23 
per acre-ft., including both storage and distributing systems, for the 
net available stored water, and would warrant the construction 
very extensive storage systems. 


100 420 806 484 711 
150 31 920 10 640 728 840 
200 240 878 238 
250 360 990 099 
800 47 600 15 867 1 086 956 
850 51 800 17100 1 187 350 
400 500 167 244 508 
450 220 073 569 
500 59 620 19 873 1 861 569 
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There are many small streams Southern California having 
run-off which similar that the San Gabriel River, and the only 
way get any idea the available supply for storage from them 
comparison with it. The rainfall their drainage areas about 
the same. probable that the run-off per square mile from them 
greater than for the average the total drainage area the San 
Gabriel River, and that larger percentage comes extreme 
floods. However, would possible handle economically larger 
part the floods from the smaller streams. Under the assumptions 
given the two cases worked out, diversion capacity 2.25 sec-ft. 
per sq. mile drainage area will assure sufficient supply for 
reservoir storage 200 acre-ft. for each square mile, irrigating 
acres. cents per inch per hour this would warrant ex- 
penditure $13 250 per sq. mile drainage area. the same way, 
there would available for increasing the underground storage sup- 
ply sufficient irrigate acres. 

many places where irrigation developed extensively, the 
conditions run-off are similar those the San Gabriel Moun- 
tains. Except few places, where large natural storage basins 
have been found the streams, there large waste flood flow. 
the value the land and the possibility obtain- 
ing more storage increases. Much remains done secure the 


maximum possible use the water supply almost all irrigated 
districts. 
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DISCUSSION 


Assoc. Am. Soc. (by letter).—The author 
has presented very detailed and interesting manner the water 
supply situation the San Gabriel River, and the writer agrees 
heartily with his conclusions regarding the possibility increased use 
the flow Southern California streams storage. The subject 
one that offers interesting field for engineering endeavor, and 
the author has laid the foundation for broad discussion which should 
great value, not only the Engineering Profession, but also 
the inhabitants Southern California. 

The writer has been familiar with the water resources Southern 
California for number years, and during the past year has had 
make detailed studies three important streams, con- 
nection with proposed increased use the surplus flood. has been 
impressed with one phase storage this region, which, although 
mentioned Mr. Strong, was not particularly emphasized. This 
the necessity for over-year storage addition monthly regulation, 
order accomplish the greatest beneficial use stream flow. Mr. 
Strong has approached the subject with the primary idea making 
increased use the stream flow regulation monthly inequalities. 
The writer believes that permanent increased use the surplus flow 
Southern California streams requires the regulation annual run- 
off well monthly flow. 


(Compiled from Geological Survey Records.) 


Season, 


Mean, in Percentage 
September Acre-feet. 
1895-96 38.9 28 200 25 
1896-97 126.4 90 500 79 
1898-99 13.8 9 900 9 
1899-00 16.7 12 100 11 
1900-01 137.0 400 82 
1901-02 33.9 24 500 21 
1902-08 145.3 104 800 92 
1908-04 40.7 29 600 26 
1904-05 220.3 158 700 139 
1905-06 320.6 235 100 205 
1906 07 483.9 349 200 305 
1907-08 109.3 79 300 69 
1908-09 254.3 179 500 157 
1909-10 192.3 139 900 122 
1910-11 376.0 271 600 237 
158.9 114 500 100 


The necessity for over-year storage well shown Table which 
gives the total discharge San Gabriel River for the 12-month season, 
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September August from the seasons 1895-96 1910-11. 
observed the United States Geological Survey. will 


noted that during these years the annual run-off has varied from 
tenth three times the mean. Considering groups three consecu- 
tive years, the extremes have been from 216%, from one- 
seventh more than twice the mean. The run-off during the 7-year 
period, 1897-98 1903-04, was only 37% the mean, though that 
the following years averaged 176 per cent. Although the 3-year 
period drought, 1897-98 1899-1900, infrequent occurrence, 
and might tided over temporary expedients, yet the benefit 
derived from annual storage great, and the permanent increased 
use stream flow cannot exist without it. 

The determination dependable supply with over-year storage 
regulation easily made constructing mass-curve daily dis- 
charge acre-feet for the period record. The ordinate this curve 
any date represents the aggregate run-off from the initial date 
record the date being considered, and the slope the curve repre- 
sents the rate flow. The mass-curve can constructed either for 
the full flow the stream for that portion which transmission 
system given capacity will divert. From such diagram the safe 
yield given reservoir with the known water supply can deter- 
mined with precision, or, desired, the storage capacity necessary 
for given draft the known supply. The writer has found 
such curve the simplest and most comprehensive form which 
assemble the run-off data stream for solving the problems dis- 
cussed Mr. Strong, and suggests more satisfactory method 
ascertaining the supply available for storage than that used 
the author. 

The general absence good reservoir sites adequate capacity 
the mountains eliminates the possibility surface storage most 
Southern California streams. Furthermore, surface storage not 
desirable account the great evaporation loss. reliable 4-year 
record evaporation from pan floating the surface Sweetwater 
Reservoir near San Diego indicates annual depth 58.7 in., amount- 
ing about 40% the annual storage. The conditions throughout 
the valley portions Southern California, away from the Coast, are 
similar those Sweetwater Reservoir. The losses resulting from 
extended over-year storage surface reservoirs the valleys 
Southern California, therefore, would tend offset the benefit. 

Underground storage possibilities the gravel-filled basins which 
underlie these valleys have all the conditions necessary for efficient 
annual regulation. The storage capacity almost unlimited, the 
evaporation losses outside the region outlet are small, and the move- 
ment water through the gravels the region outlet slow 
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STREAM PERCOLATION DIAGRAMS 
FOR OWENS VALLEY CREEKS. 


Channel conditions uniform on each 
creek, but different for yarious creeks, 

Total losses vary on different ereeks 
from 20 to 50% of discharge at mouth 
of canyon. 

Observations by L.A. Aqueduct and 


U.S G.S,8ee Water Supply Paper No, 29 


DISCHARGE, SECOND-FEET MOUTH CANYON. 
Fic. 20. 
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STREAM PERCOLATION 
FOR SOUTHERN CALIFORNIA STREAMS 
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with stage of flood and position of channel 
on alluvial slope. 

Mouth of Canyon for Santa Ana River is 
Junction Mill Creek, 8 miles above head of | 
Gauge Canal, 

Observations by U.S.G.S. See Water 
Supply Paper No, 100, Pages 347-354, 
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that annual well monthly irregularities supply are smoothed 
‘out. This type storage being practised several streams the 
region with good results and promises eventually solve satisfactorily 
the problem annual storage. 

The common practice saturating the gravels the middle 
lower portion basin does not accomplish over-year storage, how- 
ever; merely raises the local ground-water surface temporarily, and 
the water soon reaches the region outlet and lost evaporation 
overflow into surface streams before dry year arrives. The best 
practice get the water into the gravels around the rim the 
basin, close the mountains. The storage capacity greatest here, 
the water levels are raised throughout the basin, and greater time 
elapses before the water can reach the region outlet, thus maintain- 
ing the water levels more permanently. Storage water carried out 
these lines will much toward greater use the flow streams like 
the San Gabriel River. 


TABLE San River AVAILABLE FoR CANALS 
AND SURPLUS. 


(Prepared from Data.) 


Discharge 
available for 


canals. 
Percentage 
acre-feet. Acre-feet. total. 


Total 
Season. discharge, in 
acre-feet. 


1902-03 104 944 33 000 71 944 
1908-04 29 650 24 500 5 150 
159 128 836 750 122 378 
234 776 44 050 190 726 
349 540 49 950 299 590 
83 200 47 550 35 650 
179 850 483 720 136 130 
140 040 483 730 96 310 


The results accomplished underground storage “water spread- 
ing” the alluvial fan the Santa Ana River San Bernardino 
Valley have come under the writer’s observation. This stream had 
annual run-off, during the period 1900-01 1911-12, according 
the Government record, 72100 acre-ft. There surface storage 
reservoir 463 acre-ft. capacity the upper portion this stream, 
which recently was increased 65000 acre-ft. With this regulation 
the loss surplus water amounts 42% the total run-off, and 
for the San Gabriel 64%, indicated Mr. Strong’s data 
(Table 4). The conservation this surplus water spreading has 
been attempted for number years small scale, but during the 
last four seasons has been placed permanent basis. From 10000 
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15000 annually are now being diverted and stored the Mr. 


gravels the San Bernardino Valley, which about three-fourths 
are derived from Santa Ana River, thus reducing the lost surplus flow 
that stream from 30% the total run-off. The annual cost 
this work about cents per acre-ft. stored, including operation 
and interest investment. The quantity water stored could 
increased considerably with very little additional expense per acre-foot. 

connection with the subject natural underground storage, the 
writer has had occasion make careful and extended measurements 
percolation from gravel stream channels Owens Valley, and has 
found that, for stable channel conditions, straight-line relation holds 
between loss second-feet per mile channel and total discharge 
(Fig. 20). Although, the author states, the measurements absorp- 
tion the San Gabriel River the United States Geological Survey 
are not satisfactory, yet other Southern California streams the data 
are more complete. Analysis these data indicates that the straight 
line holds for percolation from the gravel stream channels Southern 
California, for moderate discharges, where channel conditions are fairly 
stable (Fig. 21). The conditions the Santa Ana River correspond 
closely those the San Gabriel, and give idea the extent 
which absorption occurs through natural processes. 
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THE PREWITT RESERVOIR PROPOSITION.* 


The Prewitt Reservoir Proposition was conceived and developed 
the Great Western Sugar Company for the purpose increasing 
the effective water supply the lower South Platte Valley, the 
vicinity Sterling. This Company, strictly speaking, not engaged 
the business promoting irrigation propositions, but the manu- 
facture sugar from beets. Though the promotion irrigation propo- 
sitions not, itself, one its functions, has very definite in- 
direct interest the effectiveness the water supply the regions 
which operates. 

Farmers will not raise beets, except profit, and beet culture 
cannot conducted profit the producer, except regions 
which certain supply water available for use well into 
September. 

This Company owns and operates three important factories 
the valley the South Platte River: Sterling, Brush, and 
Fort Morgan. combined daily capacity these plants, during 
the sugar-making campaign, nearly 3000 tons. order that their 
operation may profitable, necessary that they supplied with 
sufficient tonnage beets keep them running least 100 days 
during each This requires about tons beets. 


paper read before the Colorado Association Members the American Society 
Civil Engineers, on January 11th, 1913, and presented before the American Society of Civil 
Engineers the meeting September 17th, 1913. 


KEY MAP 


OF THE 


PREWITT RESERVOIR 
AND CANALS 


LOGAN, WASHINGTON AND MORGAN COUNTIES, 
COLORADO 


Scale of Miles 


Dam, Earth Emb. 
Zoncrete Lining ‘ 


2-24" Syphon 6440 


Prewitt Reservoir 
Capacity 32,000 Acre Feet 


7 } 8 


THE, PREWITT RESERVOIR PROPOSITION 


Fie. 1. 


¢ 
Union 
= 
SRR 
te We R, Ww. 
NY | ' 
WS \ 
~ | 7 
| | | | 


ae Ground Surface 4 Natural Ground Surface 


STANDARD CROSS-SECTION, INLET CANAL 


‘/ Natural Ground Surface 


Ground Surface 


STANDARD CROSS-SECTION, OUTLET CANAL 


THE PREWITT RESERVOIR PROPOSITION 


STANDARD CROSS-SECTION OF RESERVOIR EMBANKMENT 
SHOWING CONCRETE PROTECTION ON WATER FACE AND INTERCEPTING TRENCH 
Fig. 2. 
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THE PREWITT RESERVOIR PROPOSITION 

After these sugar plants were constructed, was found that, 
some years, the water supply was not sufficient, during the later part 
the growing season, effect full yield beets; the result was that 
the supply the latter was reduced, and the operating time these 
factories was curtailed period which was too short give profit 
from their operation. one season was even found necessary, 
this account, close one the factories entirely. 

The enforced idleness, throughout entire season, plant 
representing investment nearly $1000000 not proposition 
viewed with equanimity, and, order lessen the probability 
its recurrence, the Sugar Company conceived the idea adding 
the effective water supply the creation additional plant for 
the storage and conservation the water supply existing but not yet 
made available for the requirements this region. 

The Prewitt Reservoir Proposition contemplates the storage, and 
conservation for use the latter part the growing season, about 
acre-ft. water, addition that which has been heretofore 


available. 

This proposition has been conceived, financed, and developed 
the Great Western Sugar Company, and has been delivered the 
Tliff and the Logan Irrigation Districts, practically the actual cost 
construction the works; the Company, reimbursement for its 
expenditure, accepting the bonds the two districts par. 


Tue 


The Irrigation District comprises area about 600 
acres cultivated land, extending along the South Platte Valley 
from point about miles down the river from Sterling, point 
about miles below that town. 

Most this area well improved and under cultivation. 
irrigated present, and has been for many years, direct diversion 
from the river, through the following ditches: The Tliff and Platte 
Valley, the Powell and Dillon, the Harmony (Ditches Nos. and 
8), the B., the Bravo, and the Powell and Bland. 


The Logan Irrigation District comprises, also, area about 
600 acres, extending along the South Platte River from point 
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about the river from Sterling, point about miles down 
stream from ‘that. town. 

Like the District, this area well improved, and has been 
under cultivation for many years. Its water supply dependent 
direct diversion the river, through the following ditches: 
The Pawnee, the Springdale, the South Platte Extension, and the 
Davis Brothers. 

The both these districts well improved, 
enjoyed reasonable degree prosperity, without the 
impounded water supply. hoped that this prosperity will 
increased materially the more certain water supply which 
expected under the operation the proposition here under consideration. 


Tue Prewirt Proposition. 


The Prewitt Reservoir Basin consists essentially 
sandy depression the plains bordering the South Piatte River. 
about miles from the South Platte River, about the same distance 
from the Town Merino, the Julesburg Division the Union 
Railroad, and miles southwest from Sterling. 

Its improvement has consisted the construction earthen 
embankment, about miles long, occupying about one-third its 
contour; the construction inlet canal, miles long, from the 
river, and outlet canal, miles long, designed for returning the im- 
pounded waters the river for re-diversion through the ditches pre- 
viously named, and application the lands the districts. 

The Reservoir Embankment.—The reservoir embankment has 
maximum height ft. This height reached only one place, 
and extends for distance less than 100 ft. For the greater por- 
tion its length, the height does not exceed ft., the average being 
about ft. 

designed with uniform slopes horizontal vertical, 
the water side. Where the height does not exceed ft., the outside 
slopes are also uniformly horizontal vertical. Where the height 
exceeds ft., the outside slopes, from the top the embankment 
elevation ft. below the top, are, likewise, horizontal vertical, 
and, from this elevation the base the fill, they are horizontal 
vertical. The top width, throughout. ft., and the crest ft. 
above the level the highest proposed water the reservoir. 
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The material which the embankment founded, and which 
constructed, consists essentially very fine sand mixed with 
small percentage soil. 

Prior the construction the embankment, longitudinal trench 
was excavated along the entire site, its center line being coincident 
with that the embankment. This trench was made ft. deep and 
ft. wide the bottom, with side slopes horizontal 
vertical, 

Before depositing any earth for the embankment proper, this trench 
was partly filled with water, which selected material was deposited 
2-ft. layers. This operation was repeated three times the filling 
the trench. The water for this purpose was pumped from series 
sixteen wells, put down just outside the lower toe the embank- 
ment, intervals about 1000 ft. Sufficient water was thus fur- 
nished and used, effect, not merely the moistening, but the actual 
puddling, the material deposited the trench. 

The purpose this puddled trench was break the continuity 
any seam which there might between the soil the site and the 
material the superimposed embankment. was also designed 
cut off and intercept the channels any dog gopher holes which 
might the material underlying the embankment. 

After the trench had been filled, and the site had been cleared 
all vegetable matter and plowed depth in., the construc- 
tion the embankment proper was begun. 

The material was deposited layers not exceeding ft. thick- 
ness. Each layer was then thoroughly wetted, before the deposition 
the next, with water pumped from the wells. Then was rolled 
with corrugated roller weighing 125 lb. per in. length. This opera- 
tion was repeated successively until the full height the embankment 
was reached. The wetting this material prior each rolling resulted 

the actual wetting the whole layer, not the mere moistening 
the surface. The contractors claim have kept records their 
pumping operations, and these disclose the fact that the volume water 
pumped. into the material exceeded that the embankment itself; 
other words, the volume water put into the embankment exceeded 
that the earth. 

Protection Embankment Against Wave Action.—The water side 
the embankment ‘is protected against wave action covering 
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concrete, in. thick, extending from its foot within ft. its top, 
where joins vertical parapet wall concrete. The latter ft. 
high, and extends ft. above the crest the embankment, and ft. 
above the elevation the highest proposed water the reservoir. 
parapet in. thick, and L-shaped, with vertical leg 
ft. and horizontal leg ft. Both legs are reinforced each 
direction with square, twisted bars intervals in. 

the foot the surface protection, and connected therewith 
reinforcing rods steel, there vertical “toe-wall,” extending ft. 
into the ground below the edge the latter. This toe-wall in. 
thick, and reinforced horizontally and vertically with steel bars 
intervals in. 

The sheathing which covers the surface the embankment 
individual slabs, each ft. wide, and continuous from 
the parapet wall the top the toe wall its foot. 

These slabs were laid two distinet sets, the first set being 
placed with intervening spaces the same widths the slabs them- 
selves. After the first ones had become thoroughly set, the alternate 
slabs were placed. Side forms were placed for the first set slabs, 
but their edges constituted the forms for the alternate set. 

Under each line forming the junction adjacent slabs, and de- 
signed for the purpose breaking the joints between the latter, 
there are concrete stringers, extending from the top the bottom 
the inclined surface protected. These stringers are in. thick 
and in. wide, and each reinforced with three bars 
square, twisted steel, placed midway between the upper and lower 
surfaces the stringer. The edges adjacent protection slabs are 
coincident with the center line these stringers, each slab lapping over 
the stringer in. was expected that this arrangement would break 
the joints between the edges the slabs, and prevent the removal 
sand and earth through seams which might caused the contrac- 
tion the slabs. 

The slabs are reinforced both directions with square, twisted, 
steel rods intervals in. Great care was taken ensure that 

these rods would midway between the two surfaces the concrete. 
The longitudinal and cross-rods were secured one another with wire 
fastenings each alternate intersection. 
The concrete all this revetment was composed part Ideal 


Fig. 5.—Tor-WALL IN THE FORMS. 


Fic. WORKS FROM THE RESERVOIR, SHOWING 
CONCRETE PROTECTION ON FACE OF EMBANKMENT. 
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Portland cement and parts clean, sharp, river sand. Gravel was 
not used because none was obtainable within permissible transporta- 
tion limits. 

The Inlet Canal.—The inlet canal, conveying the water from the river 
the reservoir, miles long, and gradient 0.025 per 100, 
equivalent about in. per mile, the computed velocity being 
2.9 ft. per sec., with the canal running full. 

The canal has uniform bottom width ft., and side slopes 
horizontal vertical. built through comparatively level 
country, and has embankment each side. The top width these 
embankments ft., and the crest elevation ft. above the 
bottom the canal and ft. above the elevation highest water. 

The canal located mostly tangents, there being only six curves, 
which the sharpest degrees. Its computed discharge, for depth 
ft., about 695 cu. ft. per sec. 

About mile below the point where the canal diverted from the 
river, waste channel extends back the river, distance mile. 
This has been designed assist removing sand from the canal. 
carry water maximum depth ft. has embankment 
each side with top widths ft. and crest elevations ft. above the 
bottom the channel. 

the origin this waste canal there double structure which 
effects the shutting off either both channels, that the entire 
volume water may conveyed through the inlet canal the 
reservoir, back the river through the waste channel, may 
desired. 

this structure there are two sets regulating gates, one across 
each channel. There are nine gates each set, each gate serving 
close aperture ft. The tops the gates each set are 
the same elevation, but the bottoms those for the waste channel 
are ft. lower than those for the inlet canal. The latter are the 
same elevation the grade line the inlet canal. This arrangement 
was made order increase the gradient the first mile the inlet 
canal times when might desired sluice sand out 
such times, the check-gates across the inlet canal will closed, and 
the waste-gates opened, which will cause increase ft. the 
effective gradient the inlet canal from the river this point. When 
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the sluicing operations are concluded, the waste-gates will closed 
and the check-gates opened, thus restoring the normal gradient the 
inlet canal. 

Structures.on the Inlet Canal.—The head-gate the origin the 
inlet canal concrete, reinforced with square, twisted, steel 
bars, and founded round piles, driven ft. into the ground. 
has nine 9-ft. apertures, closed steel gates operated rising 
screw stems, in. diameter the root the thread. The gates 
are raised and lowered hand-wheels, operating steel balls running 
bronze grooves. 

The sides, partitions, and floors are in. thick, and are reinforced 
with square, twisted, steel bars, horizontal and vertical pairs, 
intervals in., making lin. ft. reinforcing rod each 
foot concrete. 

The double structure the point where the waste canal originates 
two parts, each all essential respects similar the 
head-gate just described, except that the heights the gates differ, 
and the waste structure has drop ft. beginning short distance 
behind the gates, thus combining the functions waste-gate and 
drop. 

There are four concrete drops the inlet canal, designed for the 
purpose accommodating the fall the country excess 
that required for the gradient the canal. Three these lower 
the grade the canal ft. each; the fourth the terminus 
the inlet canal, where enters the reservoir basin, and consists 
two successive drops ft. 

all cases these drops consist reverse circular curves vertical 
planes, and the sides the structures conform the section the 
with slopes horizontal Each has five cut-off 
walls extending below the floor and sides depths ft. more. 
These walls rest round piles, driven ft. into the ground. The 
sides, floors, and cut-off walls are all cases in. thick, and are 
reinforced the manner described for the head-gate structure, involv- 
ing lin. ft. steel rod for each foot concrete. 

There are nine bridges crossing the canals this system. These 
are all steel spans concrete abutments, obstructions being per- 
mitted the channels, aside from the partitions the head-gate and 
bifureation structures, which could not avoided. 


Fia. 7.—REAR VIEW OF HEAD-GATE STRUCTURE, HEAD OF INLET CANAL. 


Fic. 8.—CONCRETE CULVERT OR SIPHON CONVEYING CANAL UNDER OUTLET 
CANAL FROM RESERVOIR. 
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The Outlet. outlet canal from the reservoir the river 
miles long. Its bottom width ft., its side slopes are hori- 
ft. Its embankments are ft. wide, with crest elevation 
ft. above the bottom the canal, ft. above the highest proposed 
water. 

has gradient ft. per mile, thus inducing theoretical 
velocity 3.1 ft. per sec. when running full capacity, with dis- 
charge about 525 cu. ft. per sec. 

addition concrete rating weir, distribution gate for de- 
livering water the South Platte Extension Ditch, and two concrete 
siphons for conveying the water certain lateral ditches from the 
South Platte Ditch under its channel, there are only two important 
structures this line. One these siphon for carrying the 
waters the South Platte Ditch under this canal, which crosses the 
line the latter; the other 5-ft. drop, similar all respects 
those already described. 

The River Diversion river channel, the point 
diversion the inlet canal, has width about 1500 ft., from 
bank bank. Only about 400 ft. this distance, however, carries 
water during ordinary stages the The remainder consists 
low-lying lands traversed minor channels, which are ordinarily 
dry, but are submerged and carry considerable volumes water dur- 
ing flood periods. 

The diversion weir consists two structures distinctly dif- 
ferent types, which will designated Divisions One and Two. 

Division One that portion the river bed which has been 
described the channel proper, through which the normal flow 
discharged. consists framed timber structure founded four 
rows round piles driven ft. into the sands the river bed, and 
two rows Wakefield sheet-piling designed cut-off diaphragms for 
preventing the passage water under the structure. Each piece 
the Wakefield sheet-piling, consists three pieces 12-in. plank, 
ft. long, fastened with 60-penny wire spikes, the form 
tongued and grooved member. 

This structure has its top movable device which can elevated 

depressed, may desired. periods very high water, when 
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the adjoining lands would danger overflow, intended that 
this movable superstructure will depressed, giving larger waterway 
for the passage flood-waters. other times, when the flow 
normal, will elevated, raising the surface the elevation 
highest water the canal. 

The crest the fixed structure about ft. above the natural 
surface the river channel and ft. above the floor the head-gate 
the inlet canal, the latter being ft. below the natural bed 
the stream. The movable device permits the elevation the effective 
crest ft. 

This division the diversion weir provided with two sluice- 
ways, regulated with flash-boards, which when opened permit the water 
front the weir lowered elevation ft. below the crest 
the fixed structure. One these the end the weir next 
the head-gate; the other near the middle the portion designated 
Division One. ft. wide and divided into six 5-ft. 
openings, separated steel girder diaphragms designed for supporting 
flash-boards. The length this division the structure 435 ft. 

Division Two this structure occupies, and closes permanently, 
that part the channel which ordinary stages the river 
practically without water. consists essentially earthen fill, 
ft. wide top, with side-slopes, and protected the up- 
stream side with concrete the same manner the reservoir em- 
bankment, except that, this case, there vertical parapet wall 
the top the protection. 

For the purpose preventing the passage water through the 
sands the river bed under this embankment, line Wakefield 
sheet-piling ft. long was driven along its center line from one 
end the other. This sheeting was driven depths varying from 
ft., and its upper ends project above the surface, heights 
varying from ft., and thus extend into the embankment. 

The total length this structure 980 ft. Its connection with 
Division One effected concrete wall which rests piles and 
buttressed the side contact with the earthen structure. The 
elevation the top this structure ft. above the fixed crest 
Division One, ft. above the top the movable superstructure 
thereof when the latter erected. 
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GENERAL COMMENTS. 


not claimed for this proposition that embodies any remark- 
able unique features unusual interest superiority. The basin 
itself means typical, its area being out proportion its 
depth. occupies site which very sandy, and expected that 
much water will lost percolation and seepage during the early 
years its operation. 

Its unusual extent embankment miles length), constructed 
almost entirely fine sand, and founded the same material, 
earries with definite liability which cannot entirely ignored, 
even though the danger does not appear imminent. 

its extremely short inlet miles, and its outlet the 
river both constructed through comparatively level 
country involving physical problems difficulty, has, however, 
natural advantage which not found, like degree, any similar 
proposition the South Platte Valley. 

The feature merit which claimed for this proposition, dis- 
tinguishing from most others heretofore developed private en- 
terprise this region, the substantial and permanent character 
its structures. 

Aside from the diversion weir across the river the origin 
the inlet canal, there not structure the work which not exe- 
cuted substantially reinforced concrete steel. 

All these structures have been built under specifications which were 
more than ordinarily exacting, and the work has been executed more 
definite conformity the specifications than has been customary 
most developments this character. 

With reference the probable permanence and effectiveness 
the works, there appear reasonable for apprehension, 
aside from the uncertainty that must faced the possibility 
protecting effectually earthen embankment friable material 
against the destructive effects wave action during the high winds 
which frequently prevail the plains regions during the spring. 

the writer’s opinion, absolute safety, under these circumstances, 
cannot predicated earthen embankment constructed material 
readily responsive erosion, the protection which depends merely 
sheathing concrete covering material which, itself, has 

power resistance against the erosive action moving water. 
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Though the concrete protection here under consideration has been 
executed more effectively than can claimed for most works this 
character with which the writer acquainted, and though its design 
embodies every precaution that was able devise, within the 
limits expense that could borne the enterprise, cannot escape 
the conviction that definite uncertainty exists the entire efficiency 
this and other works like character, created with the same end 


view. 

The development this proposition involved the placing 700 
cu. yd. the composition which 121000 sacks 
cement, and 660 tons reinforcing steel were used. addition 
the steel, about tons structural steel were used 
building the structures, exclusive the nine steel bridges crossing 
the different canals. The total expenditure was somewhat less than 
$700 000. 
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(1) CEMENT-CONCRETE PAVEMENTS. 


Parker, Kinney, JAMES OWEN. 


order obtain good results pavements. discussing the 
value such pavements, there is, course, some question 
the kind and amount traffic they will stand. Massachusetts, 
1906, concrete surface was laid section State highway 
the Town Spencer, and stood the traffic remarkably well. The prin- 
cipal objection was that was rather hard for the feet the country- 
bred horses, which, allowed select the traveled way, would turn 
out the earth shoulders. bituminous surface remedied this con- 
dition, and present the road giving excellent service. The section 
mentioned was put down the grouting method, known the Has- 
sam process. investigation was found that the grout had pene- 
trated, not only in. broken stone, but additional in. 
gravel sub-surface. Very little trouble was experienced from disin- 
tegration the concrete surface; was confined principally the 
area adjacent the expansion joints. 

Since that time some roads have been built mixing the concrete 
before placing. Care had taken have the batch properly tem- 
pered, particularly building too wet, the mortar had 
tendency creep and form waves the surface, and, course, 
dry mixture was not readily flushed, hence was difficult get good 
smooth surface. The concrete was placed single layer, and near 
mosaic surface possible was desired, order permit the 
bituminous material bond properly. obtain that result various 
methods were tried. After placing the concrete, dry stone was spread 
over it, and tamped lightly. This worked well, but required consid- 
erable skill the the men who were spreading the broken 
stone. The experiment allowing the concrete set for hours, 
and then brushing off with steel broom, gave, perhaps, the most 
satisfactory results. 

There tendency use too lean mixture for concrete road 
surfaces. Many engineers have advocated 1:3:6 mixture, but that 
not rich enough, for concrete exposed the traction wheels and 
blows from horses’ hoofs must very tough resist abrasion. Added 
strength cannot gained reducing the percentage stone aggre- 
gate, that is, assuming parts sand the correct quantity 
used with part cement. Such mortar will fill the voids 
parts stone, and added strength gained reducing the stone 
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aggregate parts. Too small proportion stone means large 
percentage mortar, thus giving smooth surface, which would 
slippery and not desirable. 

The concrete pavement has the advantage being not only 
surface, but also foundation. Though, course, there may con- 
ditions where some treatment the sub-surface will needed, with 
uniform soil, which the frost action about the same all parts, 
there very little difficulty. If, however, the soil varied, that 
the frost will affect one portion the road more than another, the 
concrete will crack. unusual condition where such cracks are 
serious enough disintergrate the concrete, and any ordinary cracking 
not material. This particularly true where concrete coated 
with bituminous material, the cracks are then sealed over and 
give trouble. With concrete, with all other smooth paving, the 
surface rather slippery, necessitating care designing the maximum 
grades and the camber the road. 

light bituminous top cement-concrete base solves many road 
problems. reported that there much difficulty making the 
bituminous material stick the concrete. Massachusetts success 
has been obtained the following method: The concrete surface 
swept clean possible, then sprinkled with water, and while still 
wet covered with Tarvia heated 200° Fahr. and applied 
pressure not less than lb. per sq. in., and the rate gal. per 
sq. yd. surface. This then covered with clean stone screenings 
(not exceeding in. diameter and from which the flour has been 
removed) spread the rate 0.015 tons per sq. yd. surface. This 
again watered, and while still wet second }-gal. coating tar 
applied the same manner before, but covered with clean, gravelly 
sand, using 0.015 cu. yd. per sq. yd. surface. 

The speaker aware that the application tar wet surface 
contrary existing theories, but has worked satisfactorily. This 
road, treated August, 1910, has cost date, $15 for total repairs 
more than 4000 lin. ft. 15-ft. surface, and has taken only gal. 
tar replace such small places have scaled off. The speaker 
believes the successful adhesion the tar the concrete due the 
wet surface the latter and the high pressure used spraying the 
tar the road. 

pavements have been used the United States since 1893, various 
details construction and maintenance are yet experimental 
stage. Many miles cement-concrete pavements have been examined 
the speaker, and the only ones which have been observed free 
from cracks are those which have been carefully constructed the 
mixing method, and built well-drained, thoroughly compacted 
foundation, with adequate transverse expansion-contraction joints. Such 
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joints are necessary, successful results are expected, and both 
longitudinal joints along the curbs and transverse joints should 
provided. there are expansion-contraction joints, the tensile 
strength the will probably exceeded when the concrete 
contracts, and the pavement therefore will crack; when expands, 
will tend bulge, and the expansion produces forces which are 
excess the compressive strength the concrete, the latter will crush 
the cracks. obvious that the edges the joints should 
protected from the abrasive action traffic, and likewise apparent 
that the joints should filled with material which will provide for 
movement between the joints the pavement expands and contracts. 

necessary keep traffic off the freshly laid patches. would seem 
advisable use bituminous concrete for patching, and the bituminous 
cement should such character that the bituminous concrete will 
stable after thorough compression tamping otherwise. Natu- 
rally, cement-concrete pavement repaired this manner will not 
pleasing from esthetic standpoint. However, this point not one 
weight, all probability large percentage cement-concrete 
pavements constructed the future will finished with bituminous 
surface, 


Sanrorp Am. Soc. E.—One the problems 
considered the construction concrete pavements that 
expansion and contraction due changes temperature. Contraction 
the lowering the temperature produces cracks, not only 
which not reinforced, but also brickwork stone- 
work. the latter, however, the cracks are not apt noticeable, 
because they follow the line the joints. 

Although possible reinforce concrete pavements with steel 
that the size the cracks inappreciable, the introduction steel 
sufficient quantity for this purpose somewhat questionable from 
the standpoint cost, and the problem, therefore, resolves itself gen- 
erally into the location the cracks where they are wanted, that 
they will have smooth joints instead rough, irregular lines. 

Longitudinal joints through the middle the pavement should 
avoided possible. Sometimes, advisable make longitudinal 
joint each side the pavement next the curb. The spacing 
joints across the pavement depends conditions and the 
extremes temperature that will occur the given locality. spacing 
the concrete laid weather, temperature not very much 
above freezing, its tendency contract less, and the cracks will 
apt occur greater distance apart. some cases, this fact may 
taken into account locating the cross-joints. 


be 
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possible calculate quite closely the actual amount con- 
traction which will take place during falling temperature, and 
determine the approximate size crack that likely open. The 
coefficient expansion concrete approximately that is, 
for every degree fall temperature, the concrete contracts this 
ratio. Suppose, for example, section concrete ft. long, and 
that free expand and contract, the actual contraction caused 
fall temperature 40° Fahr., theoretically, would 0.0000055 
ft., which about in. several cases the speaker 
has had occasion check this theoretical contraction actual con- 
crete structures, and has found that agrees closely enough for prac- 
tical purposes. one case, for example, measured the contraction 
long, reinforced concrete, freight shed which joints had been 
left intervals; another case was large reservoir bottom, which 
was free expand one side; record the tests the Croton 
Dam has been published.* 

The necessity for frequent joints, the first place, keep them 
small size, and, the second place, prevent irregular cracks from 
opening between them. There are certain patents the market for 
steel-bound joints, which prevent chipping the edges. ques- 
tion, however, whether not more economical place the joints 
fairly close intervals, except the road traffic very heavy. 

The question expansion requires very little consideration. Many 
concrete pavements are built with open joints filled with bituminous 
mixture permit expansion. ordinary cases, where the pavement 
uniform grade, this not necessary, because any expansion 
will taken the concrete itself, usually producing compres- 
sive stresses. 

Many failures concrete pavements are due the poor quality 
the aggregates. Not only must the sand the aggregate clean 
appearance, but also should subjected actual test. Sand 
which passes even close inspection has been found great many 
cases fail set properly mortar concrete. very small, almost 
insignificant, quantity vegetable matter the sand—a quantity 
which cannot determined the eye—may prevent the concrete 
from hardening. especially good, fine aggregate particularly 
necessary the wearing surface pavement, because the extremely 
hard usage which may subjected. absolutely necessary, 
therefore, any pavement used wearing surface, test the 
sand. mechanical analysis test value determine the quantity 
very fine material, which especially detrimental wearing 
surface. addition, however, there should always test the 
strength the mortar, made into briquettes, cubes, the pro- 
portion part cement parts sand, and these specimens should 
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compared with similar ones made with the same cement and standard 
Ottawa sand. For the fine aggregate for wearing surface, the strength 
the mortar containing the sand question should equal that the 
standard sand 


Am. Soc. E.—The results obtained with the 
concrete section the experimental pavements constructed 
Hillside Avenue, Jamaica, Y., August, 1911, the Borough 
Queens, co-operation with the United States Office Public 
Roads, may interest. 

diameter, and from in. deep, had developed the surface. 
account the traffic, was impracticable make repairs with 
Portland cement, and, therefore, this section was covered with bitu- 
minous seal coat about gal. per sq. yd., applied Tarrant hand- 
pouring pots and covered with sand and screenings (0.01 cu. yd. per 
sq. yd.). The whole section was first thoroughly cleaned hand-broom- 
ing—ordinary, factory brush brooms—and the larger depressions and 
expansion joints were painted with tar asphalt, composed Tarvia 
mixed with about 15% oil asphalt. layer 3-in. stone was placed 
the deeper, and one dustless the smaller, depressions. 
The whole surface was then covered with seal coat. Tarvia was 
used from Station Station 48; tar asphalt from Station 
Texas asphalt from Station Station 67. The asphalt 
was applied first thin paint coat part asphalt parts gaso- 
line, and then covered with the asphalt cement. Sand covering was 
used from Station Station 80, screenings from Station 
dustless screenings stone chips from Station Station 73. 

January, 1913, the Tarvia had scaled off few spots, the 
tar asphalt was about one-third worn off, and the asphalt about one- 
fifth gone. There very little apparent difference the results 
obtained with the sand, and stone chips. The sand appears 
give the same result the stone chips, one-third the expense. 
the deeper depressions, the bituminous patches pushed out into 
waves during the 

2-in. depression Station was cut out and filled with 3-in. 
wood blocks with asphalt-filled joints. The wood blocks 
this point, along the trolley track, and the two-course expansion joint 
Station 97, have given good satisfaction, but they are expensive. 

traffic census taken May 18th, 19th, and 20th, 1912, from 
M., showed average daily 3330 vehicles, which 
90% was motor 

The speaker has inspected number concrete pavements between 
Boston and Chicago and has not seen any which have been down for 
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any length time and are satisfactory for heavy traffic. Some the 
Blome pavements Chicago, Washington, and New Haven, have 
badly. Most concrete pavements New England have 
and worn holes, and have been coated with tar and grit. 

concrete pavement defined some engineers one having 
cement-concrete wearing surface, and others concrete with 
thin bituminous wearing surface. The type referred under discus- 
sion should clearly stated. 

There may places and conditions where each type advisable, 
but wise proceed cautiously with the ordinary class concrete 
pavement, especially the climate New York. good, rich, one- 
layer, concrete pavement, uniformly constructed with smooth sur- 
face and covered with thin bituminous mat, seems have some 
advantages. good example this type was constructed the summer 
1912 the Hassam Paving Company the Jericho Turnpike, 
Long Island, about one mile east the New York City limits. 

Expansion joints are not advisable grouted stone block wood 
block pavements which proper longitudinal expansion joints are 
provided, and would seem that the same should apply concrete 
pavements. 

old concrete pavements, the question adherence very much harder 
solve than the case new pavements. many pavements where 
there great deal dust, both brought and due the actual 
grinding the concrete, extremely difficult obtain clean 
surface which put the tar. 

the pavement dampened before the application the refined 
tar, very important that absolutely all traffic excluded until 
there has been chance for the moisture dry out from under the sur- 
face the tar. Otherwise the tar does not adhere well, loosens, and 
will not give good results. dampening the pavement free water 
should left the top the concrete, for that case, the water 
tends float the tar, preventing good bond. The concrete should 
allowed dry partly, squeegeed off, treated some other way 
that excess moisture remains. 

The tar should applied two thin coats. slight coating sand 
screenings over the first coat necessary, order allow the 
second coat applied. The second coat filled with sand, screen- 
ings pea stone. this way surface about in. thick built 
top the insure good wearing surface, essential 
embed the tar hard mineral matter which will resist abrasion. 

repairing old concrete pavements, pot-holes must considered. 
absolutely impossible repair pot-holes with cement-concrete 
economical way. has been found satisfactory, however, use 


* Chief Chemist, Barrett Mfg. Co., Boston, Mass. 
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tar concrete, but, doing so, important use stone which will 
practically large the hole deep. fine material used, the 
traffic will soon force the tar mixture out the hole. 


has been suggested that the concrete should 
moistened immediately before the application the bituminous 
material. seems the speaker that there great difference 
between the entire body the concrete being damp, dry, and simply 
sprinkling the concrete immediately before applying the bituminous 
material. the entire body concrete damp, seems the 
results must least uncertain; but dry, the moisture caused 
the light quantity water sprinkled the surface would suf- 
ficiently absorbed the concrete not interfere with the bond 
between the latter and the bituminous material. The road should 
kept closed traffic for few hours order permit this 
absorption. 

the bonding between two layers tar, when the first 
layer has been covered with screenings sand, very important 
that these screenings free from dust any fine material, particle 
which should less than in. size. When the bond thus 
constructed, there will blanket dust fine material over the 
first layer tar prevent the second layer from uniting solidly with it. 


Am. Soc. E.—In the speaker’s opinion, 
every concrete roadway pavement should laid two courses—a 
foundation and surface course. The same functions are required 
other roadway pavements, that is, strength support loads, and 
density and hardness resist surface abrasion. 

The surface course concrete pavement should compounded 
and laid with something like the same care, skill, and thoroughness 
the wearing course asphalt pavement. rule, this has 
not been done. Where the second top course has been used, has 
been laid more less carelessly, with insufficient regard quality 
materials, uniformity consistency, and thorough work. 

Concrete pavements are not suitable for streets heavy travel. 
They should never used where foundation in, ordinary 
concrete and surface course in. special surface mixture, 
will not ample carry the loads and stand the abrasion travel. 
There are, every city, large number streets which properly 
constructed concrete pavement will give entire satisfaction. such 
streets will prove durable, dustless, possess most the desirable 
qualities first-class roadway pavement, and give larger return 
per dollar invested than any other kind pavement. 

The speaker agrees with Mr. Thompson regard the necessity 
using only the best materials, and giving special attention the 


* Asst. Eastern Mgr., Barrett Mfg. Co., New York City. 
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quality the sand, which should thoroughly tested. The hardness 
and toughness the stone the top course also important 
consideration. The speaker specifies that the size the stone shall 
range from that which will pass screen 1}-in. mesh that which 
will held mesh. The fine material and dust 
objectionable, because its tendency segregate the mass and 
because its varying quantity likely prevent that uniformity 
mixture which highly desirable. requires that the sand shall 
screened, that shall grains such size that 75% the whole 
will fail pass the No. sieve, and that shall tested with regard 
the strength mortar made with it. This important view 
recent unsatisfactory experiences with apparently good sand. ratio 
part cement parts sand for the mortar probably rich 
enough. some recent specifications the speaker has called for ratios 
for the foundation course and 1:2:3.75 for the surface 
course, but the compacted mass the volume mortar should exceed 
that the voids the stone from per cent. The ideal sur- 
face-course mixture one which the largest practicable ratio 
the mass stone with sufficient strong mortar hold the fragments 
firmly place. The speaker tries insist that this surface mixture 
shall possess great uniformity composition and consistency. This 
requires: careful measurement all the materials, including the water; 
that special care taken prevent segregation the mixer 
the street; and,that.it shall properly and uniformly graded and com- 
pressed true surface the street; short, that especial care 
shall taken make concrete nearly perfect possible. 

very important that the surface course laid and tamped 
the foundation course before either begins set. This requires that 
the construction the two courses carried simultaneously. 

The surface course should finished with roller, not only 
perfect the consolidation, but secure true surface, which latter 
nearly important the case asphalt pavement. 

Finishing the surface with neat mortar troweling should 
prohibited. 

Our knowledge relative expansion and cracking yet meager. 
Conerete pavements often crack where apparently ample expansion 
joints have been provided, and frequently where least expected. Where 
these natural cracks joints occur, the wear along their edges, 
rule, less than along those artificial expansion joints. This 
probably due the fact that the wood metal forms used for making 
the joints prevent the same uniformity composition and density 
the along them the body the work. prevent this, 
better not use such joint forms, but the expansion joints 
through the concrete after laid. open question present 
whether not better omit all expansion joints (except along the 
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curb) when the pavement laid, and let the concrete select and 
make its own expansion (or rather contraction) joints. These cracks 
should then filled with bituminous cement, after being cleaned out 
well possible with proper tools and water jets from high-pres- 
sure hose. 

The question the advisability applying coating asphaltic 
oil the surface the pavement, not yet settled, but there every 
reason believe that, suitable material used and the work 
properly done, will decidedly advantageous. 


Parker, Am. Soc. E.—A concrete pavement most 
desirable, provided properiy laid; but, obtain uniform mixture 
and apply uniformly all over the road problem not easy 
accomplishment. 

secure uniform concrete mixture road, the stone should 
absolutely uniform thickness, and rolled that the road 
finished, cross-section and quantity stone, before any cement 
added. Whether mixtures are made board machine, the 
very fact that the concrete has transported and put the road 
batches, destroys its uniformity, because the difference the 
specific gravity the materials used. perfectly uniform road, 
therefore, impossible. This can remedied measure the care 
that used making the mixture and putting down, but the only 
reliable concrete road made, the speaker has stated, 
the stone without binder the road bed and rolling thoroughly be- 
fore the cement applied. 

properly constructed road the most indestructible 
surface that can built except stone pavement. Wherever the traffic 
tion should built for any surface. 

The bituminous surface concrete road should applied 
very thin layers, such coating can maintained small expense. 
can put under pressure, which gives perfectly uniform quan- 
tity bituminous material very trifling expense. defect which 
occurs road thus treated slight elevation that will not 
felt the ordinary traffic going over it, whereas defect top 
surface in. more, soon becomes material one, which every 
vehicle feels. also increases very fast, and disintegration once begun 
continues rapidly. 

more than 100 concrete pavements, during and after construction, 
various sections New York, Pennsylvania, Maryland, and other 
States, the speaker has come the conclusion that the use bank- 
run material crusher-run limestone almost sure result fail- 
ure. The aggregates should screened dry over No. screen, and 
remixed the definite proportions desired. mixture part 
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cement, parts sand, and parts gravel crushed stone 
in. size), will give the best results under general conditions. 
Though 1:2:4 mixture might considered better fill the usual 
requirement the ratio fine coarse aggregate, the excess mortar 

1:2:3 mixture will distinct advantage finishing, and, 
under most conditions, will satisfactory. 

This, course, presupposes one-course which should 
selected all cases where the aggregate available, the territory 
which the pavement constructed, suitable for wearing 
surface. Good practice would recommend the two-course pavement 
only places where local aggregate was suitable for the base concrete, 
but not for the wearing course. such cases the cost the pavement 
might reduced considerably shipping only enough the 
more satisfactory aggregate for the wearing course. 

The use steel trowels concrete pavement should pro- 
hibited. The wooden float used after the concrete been struck off 
the proper grade with straight-edge amply and does 
not draw the fine material the surface like the trowel. The 
presence fine material the surface objectiona*le from the wear- 
ing standpoint, and also because increased 

The protection the concrete from out 
important feature work this type. soon becomes 
sufficiently firm, canvas cover should the finished 
pavement and kept moist. This cover may the next morn- 
ing, earlier, the concrete sufficiently hard, the pavement 
covered with least in. sand earth, whigi should kept 
sprinkled. The wearing quality pavement, and good 
materials, often greatly reduced failure this one 
point proper protection the hardening 

Regarding bituminous coatings for concrete pavements, there 
this said general: The coating will wear off sooner later, 
and conditions the United States are such that cannot hope for 
the immediate this coating. essential, therefore, 
that the concrete laid with the same care and attention 
surfacing were applied. There hope for road consisting 
with sand. The question the application bituminous surfacing 
should considered carefully, certain that methods applica- 
tion which work successfully with tars not work well with asphalts, 
and vice versa. 


James Owen, Am. Soc. building the Road from 
Newark Jersey City, J., the salt had been 
filled reduce the vibration, became provide 
roadway during certain portion the winter 1911-12. 
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matter economy concrete pavement was laid, with 
the idea allowing the traffic during the winter and then using 
the spring for foundation for permanent pavement. was 
about in. thick and about ft. wide the fills. After the road 
was partly finished top, traffic was allowed it, with the result 
that the pavement was ground and went pieces about three 
weeks. 

that time the failure was attributed some details the con- 
struction and the very heavy travel. During the summer 1912 
granite block pavement was laid one side, with grouted 
joints, under the usual specifications. The grouting went pieces, 
although the travel was not allowed for from days after 
had been applied. was suggested that the vibration the road 
was the cause the failure both sections. evident that, 
eases where there possibility vibration, the bond the cement 
will impaired and the efficacy the work destroyed. 
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(2) COST RECORDS AND 


Lewis, Am. Soc. E.—The subject cost records 
and reports may considered from two aspects, the professional and 
the scientific. 

There can doubt the right the professional man 
profit discoveries and inventions resulting from his own experi- 
ments and researches, provided does not professional capacity 
advise the use his clients appliances processes which 
holds patents and receives royalties. The idea, however, that 
may regard the results his observations and the lessons drawn 
from his own successes and failures his stock trade repugnant 
all who appreciate the dignity professional work and the neces- 
sity high professional This especially the case with one 
who occupies public office and whose experiments are conducted with 
public funds. true that while some are able profit the 
mistakes others, there are, perhaps, more who must make the same 
mistakes themselves before they can learn avoid them, and, un- 
fortunately, there are still others who appear incapable learning 
much either from the mistakes others from their own. That 
reason, however, why they should not given the opportunity 
so. Believing that the professional obligation the engineer 
make public the results his own experience for the benefit others 
will conceded, this aspect the subject will be*dismissed without 
further comment. 

Our chief interest, then, far this concerned, 
the value cost records and reports. they are unscien- 
and inaccurate, they are worse than useless; are misleading, 
not only those who examine them, but also who prepare 
them. They may accurate far they go, still unsci- 
entific and all the more dangerous because they their face 
certain evidences painstaking accuracy, while, their fail- 
ure give the precise circumstances under which the work was car- 
ried out, the omission overhead other and especially 
owing disposition ignore certain features the 
completed work due lack foresight, which the 
engineer responsible charge reluctant admit, erroneous con- 
clusions are likely drawn. 

The aim the speaker these introductory remarks will be, not 
suggest certain forms cost records and reports, but outline 
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briefly some the fundamental considerations which should govern 
their preparation and publication. First, must draw sharp dis- 
tinction between cost records and accounting—two very different 
things. The main object, accounting permit intelligent 
bookkeeping, distribute the different items cost among various 
accounts appropriations, know about how much the work has 
cost, and distribute that cost with refinement and apparent 
accuracy that will delight the heart the accountant. some items 
are found have been charged manner inconsistent with the 
principles laid down men who have never done any real constructive 
work, there ground for criticism, opportunity for which 
often productive holy joy, which, however, judiciously ex- 
pressed terms indignation. 

The object cost records, the other hand, determine how 
much the work costing, and check leaks here there, 
which may due improper organization ill-adapted plant 
equipment. Such defects will not only add the cost the work, 
but they are frequently such character impair its quality 
when finished. course, when intelligent system cost records 
first introduced, cannot expected have immediate 
effect the particular job which first applied. will, 
however, indicate where improvement can effected, and should 
not long before the system can perfected that the engineer 
can put his finger the weak spots very quickly and correct the 
trouble before the record for the entire job shall have been spoiled. 

Road construction and maintenance are usually paid for from 
funds, and the engineer charge such work almost in- 
variably hedged about with legal restrictions and limitations, which 
have been placed his authority, particularly the control 
labor and his inability buy the cheapest market secure 
needed materials supplies promptly emergency. not 
unnatural, under these that should come regard 
cost records academic, rather than practical, interest and 
value. 

the speaker’s opinion, there nothing that will operate more 
effectually remove, least mitigate, these restrictions and limi- 
tations than accurate, scientific presentation the facts, with the 
reasons why. Even the service, will possible select 
certain number skilled and common laborers who are fairly effi- 
cient, and these can grouped together and the results obtained 
with them compared with those gang less industry and capacity. 
and the responsibility for low efficiency and greater cost clearly and 
publicly placed where belongs, not unlikely that popular opin- 
ion will soon insist that the man who responsible for results will 
given chance produce them. 
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Efficiency impressive sort word, and efficiency engineering 
sounds like particularly dignified and useful branch the Engineer- 
ing Profession. has naturally attracted considerable number 
men, many whom have had little actual experience and whose 
capacity for destructive criticism far more conspicuous than their 
ability constructive work. would great mistake, how- 
ever, conclude that efforts promote efficiency are not worth while. 
They are worth while, provided they result decrease the actual 
unit cost work and the same time improve its quality. Unless 
this the result, “the game not worth the candle.” cost records 
not point the way economy without sacrifice quality, they 
have only academic value and are not worth while. reports con- 
tain only record the number contracts which have been 
the names the contractors, and the amounts expended from each 
account, with the unexpended balances each, they have engineer- 
ing value. they are framed make favorable showing 
the quantity work done given time and low cost per square 
yard per mile, and the same time omit which might indi- 
that these results were accomplished the sacrifice quality, 
and they lay emphasis the successes and the failures, they 
are dishonest. 


Cost records road work should indicate clearly possible 
the proportion the expense chargeable to: 


1.—Permanent betterments, such land grading, the 
improvement lines and grades, masonry ang steel bridges, and 
culverts. This part the work once done may considered perma- 
nent sufficiently durable outlast more than single generation. 

2.—Curbing, gutter pavement, fencing, wooden bridges, 
concrete foundation, planting, all which need periodical 
repairs, but will probably last twenty years 

3.—The road surface, which will begin once, and 
will need constant attention and periodical 

For each piece work the records should inclutle: 

1.—The character and first cost the materials; 

2.—Cost delivery the work, with kind transportation and 
distance hauled; 

3.—Cost labor all classes, and the quality the same; 

4.—Cost present value plant and equipment, with allowance 
for depreciation due the work under construction and not previ- 
ously marked off; 

5.—All overhead charges, including engineering and inspection; 

6.—The cost bonds, permits, 

7.—All delays due weather, failure receive materials, strikes, 
other causes; 
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8.—A precise description the methods used and the surface 
treatment the road; 

9.—A statement the results obtained, the probable causes 
failures unsatisfactory work, and the means used correct 
remedy them; 

10.—The manner which the funds pay for the work are raised, 
whether cash appropriations, the issue bonds, with length 
term and rate interest, money advanced anticipation 
the collection assessments for benefit. 


Although this brief outline may have contributed nothing value, 
hoped that will serve the purpose introduction. 


Am. Soc. E.—The value cost records well 
illustrated the Borough Richmond, City New York. organiz- 
ing its work the following queries were considered: 

What really needed done? 

Was similar work done preceding years necessary 

What had such work cost locally and other places? 

What should cost? 

How can appropriations and expenditures controlled, 
secure work needed and proper cost? 


Some few years ago, the City New York whole felt that, 
connection with its highways and sewers, there was lack reliable 
information which the appropriating bodies could act. From its cost 
records, maintained for years, and practically the only ones the city, 
the Borough Richmond furnished most the information from 
which appropriations were made thereafter for work throughout the 
Greater City. 

out the plans, certain class work costs less 
one district than another, investigation made. the difference 
large, there some special reason for it, and the usually 
show what that reason is, conditions haul, 
and number other items which have influence the destruction 
preservation roads and sewers and their maintenance, are 
known. 

The speaker can testify that cost records and intelligent reports. 
with the giving needed information the men, produce results 
economic value, fully within the term, “efficiency,” defined 
Mr. Lewis. 

Am. Soc. the growing demand for 
efficiency all engineering work, with the increase attention gen- 
erally this feature, and with the recognition the dependence 
the factor cost expense for measuring the value the results, 
seems have become necessary regulate somewhat the acqui- 
sition and reporting cost data. the present, not only have 
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the costs details road work been almost variously reported 


there were reporters details, but similar has also existed 


the statements costs the work the aggregate whole. 

For instance, one desires know what expense per mile 
has been the State for its State roads, 
and how that same cost unit New York with the Massa- 
chusetts figures, satisfactory, even nately correct, answer 
can had, because the different systems accounting for 
the road funds the two States. The had year 
more ago, compare the cost per the preliminary 
road surveys and plans Maryland with some other State 
doing similar work, but was able find two instances the 
country where even approximate costs this could had, one 
these being “post-mortem” special Committee engaged for 
the purpose. 

Take the simple case single item road work—that water- 
bound macadam. Speakers here and reporters elsewhere have vari- 
ously calculated it, some cases naming simply the price paid con- 
tractor; others, where the work was done account” and 
the machinery was rented, the rental actually paid for the machinery 
was included, but depreciation, profit, overhead charges were 
embraced the figures; and, still other instances, where perhaps 
the machinery was owned the authorities, allowances for it, 
nor even for the supervision, were calculated the costs given. Yet 
the effort was, and frequently, made draw close comparisons 
between the resulting “cost” figures obtained each method. 

The speaker took two years ago invite attention 
the importance this matter, because the readily apparent inter- 
est the statements costs made the various speakers. 
Further, will probably admitted that the satisfactory selection 
pavement meet any local conditions will largely affected, 
not determined, proper consideration cost factors. Hence 
the importance accuracy arriving the arithmetical equivalent 
these factors the equation; and the narrower the margin, the 
greater the necessity becomes. 

avoid being misunderstood and perhaps “hair 
splitter,” allow the speaker state that this matter 
not his goal, but rather “relative” accuracy. is, believes that 
almost all values are relative; that, road their dependence 
other factors, such, for instance, traffic, and other con- 
ditions—impracticable either exact expression— 
relieves the necessity absolute exactness, ordinary accuracy 
and uniformity are all that are necessary for purposes 
satisfactory comparison, which the end desired. 
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Therefore, the interest uniformity and for general benefit, 
attention invited the system for the accounting road expendi- 
tures established Maryland the spring 1912 the speaker with 
the assistance reputable firm expert accountants (Haskins and 
Sells, New York). Although complete information the matter 
could not appropriately given this occasion, the principles in- 
volved may indicated briefly. They are: 


First.—Charge any item all the expenses that can accu- 
rately determined belonging properly that item. 

Second.—Charge any item the cost tools, materials, ma- 
chinery, consumed that item. the cases tools 
machinery having life greater than their period use 
for any item, then charge that item, lieu deprecia- 
tion, rent, interest, flat rate per month (or 
preferable for any reason, 0.2% per day) for the time 
used the item question. 

Third.—Such expenses are unassignable clearly any items, 
indivisible among group items, are pro-rated 
among such items groups the proportion that the indi- 
vidual totals the costs directly chargeable such items 
groups bear the aggregate such direct charges. 


These principles can carried into the details the work 
far desired. carefully applied, they seem permit 
ciently accurate results enable comparisons cost made 
intelligently, thing now most difficult, not impossible, between 
different localities not under identical authorities. 

Two the principles may seem simple and not new; but the 
speaker has found only one two instances even approach 
uniformity their application, though has searched far and wide. 

The second principle, regarding charges for machinery, 
ably the most novel the three. will not disputed that charge 
should made for tools and machinery, but what this charge should 
be, and how should applied, may cause some discussion. The 
rate suggested the speaker corresponds fairly closely with prices 
secured private owners; simple and convenient, and to. the 
speaker does not seem unfair. admits that will probably 
seem too high first, but after experience with the relatively short 
life road machinery, the desirability keeping first-class 
condition, the length time frequently idle, consideration 
interest charges, obsolescence, etc., thinks the rate suggested 
wise and safe. should stated, perhaps, that this per month 
addition bills for minor repairs which are chargeable the 
work directly. 
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illustration the application the foregoing, the speaker sub- 
mits two graphical representations the subdivision cost ex- 
pense into items ordinary use—Tables and Table shows the 
figures and percentages for each item items relation 
the total each group, and the whole the State Roads 
Commission Maryland for years aggregating 
250 000. 

also submits subdivision (Table 3), the same basis, the 
part this expense for completed work, division between 
the physical items ordinarily reported the authorities, and 
general public interest. 

TABLE 


Commission’s (or Office Force, Salaries. 
(or Office Expenses. 
(or Counsel, Salaries, Fees 
and Expenses. 


(or Salaries and Expenses. 


Chief Engineer's Salary and Expenses. 
Chief Engineer’s Employees’ Salaries. 
Engineering, General Chief Office Expenses. 
| Chief Engineer's Instruments and Repairs. 
Chief Laboratory Investigations. 


Survey and Expenses. 
Preliminary Office etc.) Salaries. 
L Office Expenses, Stakes, etc. 


Engineers Charge—Salaries and Expenses. 
| Office Employees--Salaries. 
Office Expenses. 
Inspectors—Salaries and Expenses. 
Construction. Superintendents—Salaries and Expenses. 
(Reconstruction) (Maintenance) { Foremen, Labor, Teams, etc., Pay of Advertising. 
Materials Consumed. Expense for. 
Use Equipment, Rental for and Repairs. 
Rights Way and Damages. 
Advertising. 
Miscellaneous. 


and 
ransportation of and Establishment. 
Equipment Renewals and Deprecia'ion. 


Salaries Men of, ete. 


reference this, let said that was fully realized that 
seldom, ever, are two appropriations made identical lines, and 
that there will always necessity for for the funds 
separately. Provision has been made for also, the 
new Maryland system, and those interested ingthe bookkeeping are 
referred the recent Report the Roads for further 
information this point. 

The foregoing applicable the records compilations the 
first cost road work. the final cost particular piece 
work, evident that such the sum the first cost and the 
maintenance and interest charges, the “long-run cost.” 
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TABLE 


Per- 


cent-| Amount. 


Commission Salaries and Ex- 
31 666.42 


Administration Commission Secretary: and Office 


Employees’ Salariés.......... 
|\Commission Office Expenses.. 


1.4 Salary, Fees Ex- 


ngineer's Salary and Expenses 


Engineering Employees’ Salaries 


General 


$56 318.72 
per cent. 


Preliminary 
and 


Construction 


126 911.46 


93.3 per cent. 


422 520.54. 


Total Expense 


| 
and 


$128 949.47 
2.9 per cent. 


Equipment 
$47 430.38 
1.1 per cent. 


Reconstruction 


Maintenance 


Engineering 
$56 

1.3 per cent. 
Preliminary 
$59 907.12 

1.5 per cent. 


Construction 


$4 010 947.44 
97.2 per cent. 


Engineering 
$14 
11.1 per cent. 


Reconstruction 
$16 378.92 
12.7 per cent. 


|Maintenance 


§ 
' 


Reconstruction 


fice Expe 
\Shop Labor and Material... 
and Investigations 


Salary and 
Engineer Salary 
Expenses 


Office Expenses 


Survey Parties 
|Draftsmen 


Rights Way and Damages... 


Inspection 

Superintendence 

Fival Surveys, Estimates 

Miscellaneous 

United 
Work 


Salary and Expenses 
Salary and 

Office Employees’ Salaries 
Office Expenses 


Labor and Materials............ 

Team Hire and Use Equip- 
ment 

Superintendence 

Inspection 


Team Hire and Use 

Inspection 


charge for average time 


per month equals 


per month 


per month equals 


Office Employees’ Salaries...... 


Railways 


675.81 
598.72 


157.76 
250 318.16 
214.33 

677.18 

0.40 242.81 


100.00 
705.11 

263.66 

421.05 

512.12 


820.41 
820.75 


419.10 
675.98 


charge for average time 


/Rental charge for average time ‘at "50, 


figures this table are given show the actual distribution the 


total expenditures the State Roads Commission December 1911. 


The segrega- 


tion into items of work done is given on pages 28, 29, 30, a.nd 31 of the report. 
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The “long-run cost” the speaker conceives made thus: 


Interest first cost. (When first:cost met bonds.) 
Sinking fund charges. 
Maintenance expenses Surfacing, 
Long-run cost (made periodical- Earthwork, 
along Culverts, bridges, and drains 
scribed above for and 


Consequently, for recording the long-run Maryland, cards 
were designed shown Table 

Lest thought that the speaker has, suggestions, simply 
added work and expense the State highway for the sole 
purpose furnishing engineers with more accurate data, perhaps 
inappreciably good end, may state that, the contrary, the 
revision accounting system the Maryland Roads Commis- 
sion has resulted least two direct benefits: 

accounts now kept give dependable information 
all points likely arise, and give clearly, readily, and 
rately; and has been possible secure easily and quickly 
from these accounts such information other less usual 
points. 

annual expense keeping the books the Mary- 
land Commission has been reduced 60% more. 


The speaker believes that the Maryland system adopted readily 
applicable other communities, and, when thus applied, would gen- 
erally found beneficial. The particular point wishes 
make that far greater uniformity than present exists cost 
recording and reporting now, not only desirable, but necessary, 
engineers are able our full duty. 

Connected with the foregoing, concerning figures, the speaker 
has some records expenditures and particular road, 
which records, together with some deductions his own, 
submits, follows: 

The experimental pitch-macadam pavement Park Heights Ave- 
nue, near. Baltimore, Md., now entering its year service. 
Some the sections were completed during the, summer and autumn 
the working season 1910. thought sufficient experience 
has been had with most these sections some study the 
costs, and that such study will 

Full the construction have already been published,* 
and, therefore, need not repeated here. 
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TABLE EXPENDITURES THE STATE 
THE YEARS 1908 


Description. 


Grading. | Surfacing. 
culv 


Contract No. 
Preliminary 
surveys and 


$33 203.98 


The expenditures the twenty-six sections pitch-macadam, 
the two surfaces treated with pitch, and the single section treated 
with “Glutrin,” are given Table The travel censuses, showing 
the character and extent the traffic the road, are given Table 6.* 

the rebuilding Sections and late 1911 (com- 
pleted early 1912), thought best omit these two sections from 
detailed consideration now, simply remarking that present they are 
fair condition, their defects seeming due, mainly, slight 
excess pitch spots, probably from the use too much material 
flush coat. Section 11-A may also omitted little value for 
deductions, was emergency section pitched with unrecorded 
mixture variety pitches happening available under the 
exigencies the occasion. 

Let assumed that, the consideration the expenditures 
for the pitch work, the expenses for resurfacing the old macadam, 
for putting condition receive the pitch treatment, 
not enter; that the unrecorded (and difficult, not impossible, esti- 
mate) saving from not water-binding this macadam resurfacing can 
neglected; and that the maintenance expenditures the shoulders, 
earth side-road, and ditches should eliminated where separable. Then 
Table shows the net charges the pitch-macadam, 

The charges not include any allowances for “Overhead Expenses,” 
“Administration,” “Engineering,” but cover all expenses ma- 
terials, labor, inspection, tools, the work, rental (or allowance 
therefor) machinery used, ete., and make-up follow the lines 
adopted for accounting the State Roads Commission 


Censuses for Purposes of Comparison.”* The Surveyor (London), March 10th, 1911, p. 864: or 
Municipal Engineering, March, 1911, 167. 


First Report, State Roads Commissioner Maryland for 
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MARYLAND FOR COMPLETED ROADS 
1912, INCLUSIVE. 
i a 


The following conclusions are drawn these data and the 
speaker’s experience with the work and its 

Section 29, having been newly resurfaced fairly hard limestone 
water-bound macadam 1909, and having the summer 
1910 tendency serious deterioration the travel it, and 
since the latter date having been treated apparently necessary) 
with “Glutrin,” and now being fully condition before 
the treatment was begun, the speaker that: 

(a) 12-ft., water-bound, limestone will not support suc- 
cessfully travel aggregating 400 units per day 
and where 60% the total travel that motors. 

(b) Such road surface can made sustain such travel, with 
physical satisfaction, treating with 

(c) Such road surface can made such travel, with 
physical satisfaction, giving surface “cut-back 
Texas asphalt” (Section 28). 

(d) 18-ft., water-bound, trap rock incapable sus- 
taining, without serious deterioration few travel aggregat- 
ing 500 units per average day hours, where 90% the total 
travel that motors. 

(e) The surface treatment such road with proper cut-back 
sludge asphalt, proper compound water-gas tar, will enable 
sustain such travel, with physical satisfaction (Sections and 16). 

(f) 24-ft. pitch-macadam, either limestone trap rock, will 
sustain, with least physical satisfaction, travel aggregating many 
units per average day hours, and when more than 95% 
the total travel that motors (Sections and 5). 

(g) 14-ft. pitch-macadam, either limestone trap rock, will 
sustain, with least physical satisfaction, travel aggregating 
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TABLE 4.—SUMMARY MAINTENANCE 


Completed Costs: Surfacing sq. yd.) Earthwork and 


Bridges, Culverts, and Drains 


Costs. 


SURFACING. EARTHWORK. CULVERTS, BRIDGES, AND DRAINs. 


AND MAINTENANCE 


cost and repairs cost and repairs Total cost and repairs 
charges. tenance charges. tenance. charges. tenance. 


DISCUSSION 


*Form for recording cards. 
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units per average day hours, and when less than 15% the total 
travel that horse-drawn vehicles (Sections 27, inclusive). 

The present indications are that the use pitch quantities 
more than gal. per sq. yd., the construction pitch-macadam, 
where the upper course the macadam in. thick after com- 
paction, generally inadvisable. 

(i) The use flush coat, except possibly the cases pitches 
having unusual stability under the application heat, inadvisable 
the construction pitch-macadam, unless the proportion horse- 
drawn travel motor travel considerably higher than this case. 

With the use materials susceptible heat, fairly so— 
such most tars—the application the pitch the rolled stone can 
safely stopped line parallel and ft. within the edges the 
stone, and reliance can felt that this border the macadam, later, 
will properly bound the flow the pitch under heat and travel. 

(k) With the use asphaltic blown-oil pitches, having “pene- 
tration” normal temperatures harder than 150, the application 
the pitch should made fully the edges the rolled stone. 

The requisite penetration the pitch into the rolled stone 
obtained when the pitch reaches the bottom the average sized 
stone the course penetrated. 

(m). Success the construction pitch-macadam depends primarily 
the proper compaction the macadam particles, and directly propor- 
tional the success rolling the macadam before spreading the pitch. 

(n) The use sand top the pitch open grave objections, 
and the value its use before spreading the pitch questionable, 
clean stone chips small gravel, free from particles which will not pass 
mesh being preferable. 

With the use proper pitch, there material advantage 
closing the finished pitch-macadam for period after its 
construction, provided the adhesion tires the surface prevented 
watering, spreading excess grit, other means. 

(p) For pitch-macadam, pitch, should possess 
least the following characteristics: 


(1) should flow freely, though not so, under the 
conditions application. 

(2) should show, after evaporation cent. for hours 
and not more than 100 cent. (No. needle, 
100 grams, sec.). 

(3) The naphtha-soluble portions the when evaporated 
glass, should show themselves adhesive. 
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TABLE AND MAINTENANCE 


CONSTRUCTION MACADAM PER 


Material. 
Dates of use. 


Width, in feet. 
Area, in square 
yards 


Gallons used per 
square yard. 
Cost 
resurfacing. 


Ref. Co. Asphaltoil 

- Imp. Prod. Co. * Fairfield” 


.|U. G. I. No. 4—Sample No. 1 | 
.|Warren-Puritan, Brand No. 10. ...... 


> 


-/Amer. Tar Co., Tarite” 
-|U. G. 1.—(1909 work) 
..|0. G, L—(1910 work) 


8. 


Sas 


November, 1909.... 
May, June, °10..... 
June, 1910 

|June, 1910. 

|June, July, °10..... 
|\July, Aug., °10 
|Aug., Sept., 
October, 1910 


..|Barber Asphalt Co 
.|** Fairfield 


Oil (1910 work) 
(1909 work) 


~ 


SoS 


1909, 

|August, 1909....... 

Nov., 1909...... 

Oct., Nov.. 0.45 


= 


Length, 8.246 miles. 
+ Includes maintenance of shoulders, side-road, and drains or gutters. 
remedy slipperiness. 


(q) the cases tar-pitches pitch compounds, and for the 
purpose lessening their susceptibility temperature changes occur- 
ring after use, desirable that “free carbon” (matter insoluble 
carbon bisulphide) present extent greater than minimum 
the fractional distillate from such pitches between 225 
and 300° cent.; but, order avoid excessive hardness low tem- 
peratures, this percentage “free carbon” should less than maxi- 
mum—the minimum and maximum referred being largely dependent, 
for their expression figures, the conditions. 

(r) width for the road metal not economical where the 
travel aggregates more than 400 units per average day hours; nor 
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35 296.1 July, Aug., 2.89 | $0.387 
24 
\Sept., 1909.........] 8.67 | 0 
24 Sept., 1909.........] 8.12 | 0 
10 
12 24 
13 24 
14 24 
15..|** Fairfield 18 
18 12 
19 27 
25..|Imp. Prod. Co. Fairfield”’.........,.| 14 
| 
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EXPENDITURES PARK HEIGHTS AVENUE.* 


YARD. MAINTENANCE, PER SQUARE 
1912. 
o8..| 2 
ar + | 
434) 0.0455 | 0.0199 |....| 0.0959 0.1158 
0.9947 | 0.0124 |....| 0.0044 0.0168 
448 0.0093 | 0.0065 |....| 0.0081 0.0096 
618 0.0268 | 0.0075 |....| 0.0135 | 0.0210 
q 008 0.0195 | 0.0064 |....} 0.05683 0.0647 
0.0236 | 0.0088 |....| 0.0171 | 0.0259 
. | x 0.0097 0.0177 | 0.0022 }....| 0.0052 0.0074 
0.0028 0.0070 | 0.0018 |....| 0.0089 0.0057 
0.262) 0.659 |..... -| 0.0055 0.0298 0.0859. | 0.0087 |....| 0.0100 | 0.0187 
0.292; 0.680 |...... 0.0048 0.0105 0.0166 | 0.0099 |....| 0.0215 | 0.0814 
0.084) 0.481 |...... 0.0087 0.0835 0.0872 | 0.0025 |....| 0.0157 | 0.0182 
0,326; 0.722 |...... 0.0136 0.0000 0.0297 | 0.0209 |....' 0.0148 0.0852 
0.287 «0.684 |...... 0.0091 0.0000 0.0434 | 0.0278 |....| 0.0072 0.0850 
0.410 0.651 | 0.087) 0.0266 0.2179 0.2929 | 0.0055 |....| 0.0649 0.0704 
0.408) 0.638 | 0.088) 0.068% 0.0513 0.1528 | 0.0207 |....| 0.0000 0.0207 
0.495 0.634 | 0.082) 0.0891 0.1851 0.2242 | 0.0096 |....| 0.0670 | 0.0766 
0.691, 0.915 | 0.082) 0.0144 0.0468 | 0.0900 | 0.0116 |....| 0.0062 0.0178 
0.257 0.486 | 0.081) 0.0114 0.05149} 0.0669 | 0.0098 |....| 0.0088 0.0181 
0.353, 0.581 | 0.057) 0.0091 0.0763 4) 0.0854 | 0.0119 |....| 0.0000 | 0.0119 
0.308; 0,519 | 0,057| 0.0088 0.0286 0.0824 | 00064 |....| 0,0024 0,0088 
0.227' 0.436 | 0.057) 0.0086 0.0008 0.0142 | 0.0065 }....| 0.0020 0.0085 
0.355! 0.962 |...... 0.0107 0.0024 0.0199 | 0.0290 |....| 0.0442 0.0782 


Reconstructed, 1911. 
| Chips hauled and spread on account of bleeding. 
Rolling stone and chipping. 


the 14-ft. width economical where the travel exceeds 2000 units and 
the proportion motor travel more than 80% the total. 

(s) Where high-speed motor travel forms large proportion the 
total, the unit width travel lines should considered ft., 
instead ft., heretofore, because the greater clearance 
required for the safe passing the units such travel. 

Further economic conclusions seem rather premature this 
time, and such, including deduction concerning the possible advantage 
using excess pitch during construction order prolong the 
life the pitch-macadam, and perhaps the end reduce the cost, 
would seem preferable defer for two three years. 
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TABLE 6.—TRAVEL CENSUS AND 


Classification. 


land factor 
in product 


sed 


Nov. 14,) Nov. 17, 
1910. 1910. 


One-horse vehicles 
Two 
Three 
Four * 
Six 


364 


TRAFFIC 
Motorcycles. 
Runabouts 


Total traffic 


Weather Clear. 


SECTION 


Units dates named per period hours. 


Oct. 19, 
1911. 


May 4, 


May 10,)May 11. 
1912. 191 1912. 


912. 


Rain P. mM. 


TABLE 6.— 


Classification. 


factor 
in product 


sed 


usi 


One-horse vehicles 


“ 


Total horse traffic 


Runabouts 
4 or 5-seat cars 
drays 


Total traffic............ 


Weather 


Nov. 18, 
1910. 


Section 2. 


Units dates named per period hours. 


Oct. 14, Oct. 21, May 10, 
1911. 1911. 1912. 
| 


422 
376 


632 
512 
80 
16 


444 


Clear. 


Mr, 
408 456 560 468 
200 480 590 450 830 
‘ta 
15, May 11, 
| | 
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Units dates named per period hours. Units per hours. 


Clear. Clear. 


Sections 15 anp 16. SeEcTION 27. SEcTION 29. 


Units dates named per period hours. Units per hours. Units per 


Nov. 16, | Nov. 19, | Nov. 21, | Nov. 25, | Apr. 12, | Nov. 28.| Nov. 28, | Nov. 24,/ Nov. 29, 
1910. 1910. 1910. 1910, 1912. 1910. 1910. 1910. 1910, 


36 40 

96 


| 


Cloudy. | Clear. 


UNITs PARK HEIGHTS AVENUE. Mr. 
| 3 8 2 
| 
| 
Clear. Clear. 
Rain. Clear. Cloudy. Clear. Cold. 
40 8 8 | 24 8 
| 
80 100 40 50 180 30 10 10 | 20 ‘ 


ABLE 7.—NET CHARGES FOR CONSTRUCTION AND MAINTENANCE PITCH-MACADAM 
PARK HEIGHTS AVENUE 


4 


Average 

Pitching MAINTENANCE OF MACADAM, PER SQUARE YARD. ol yearly cost 
r interest ost census square yard) 

(Average).| Maryland per foot 


square 


Average first cost. 
yard. 1910 1911 1912 Total. units. width, 
m mils. 


24 to 35 $0.088 $0.9011 $0.0036 $0.9927 (a) 
24 ¥ 0.080 0.0000 0.0959 0. 1759 $0. 0586 $0. 0260 $0.0846 (b) 15 000 
24 0.187 0.9947 0.0044 1.1861 (a) 
0.081 0.0841 0.0269 0.137 
0.079 0.0434 0.1787 0.0960 0.320 
0.0214 0.1169 0.0890 0.0871 0.0761 0.254 
24 ‘ 0.080 0.0098 0.0583 0.1481 0.0494 0.0363 0.0857 0.286 
0.091 0.0049 0.0171 0.1130 0.0649 0.216 
0.264 0.0042 0.0089 0.0081 0.0041 0.0158 0.0199 
0.262 0.0298 0.0100 0.0199 0.0157 0.178 
0.827 0.0177 0.0196 0.0873 0.187 
0.825 0.0101 0.0053 0.0195 0.0248 0.124 
18 0.084 ea 0.0835 0.0157 0.0492 0.0246 0.0050 0.0296 1 0.171 
0.825 0.0161 0.0148 0.0152 0.0195 0.174 


AND MAINT 


CTION 


r 


0.551 0.088 0.0975 0.1306 0.871 
0.257 0.081 0.0484 0.0154 0.425 
0.057 0.0444 0.0212 0.487 
0.057 0.0215 0.0136 080 0.242 


DISCUSSION 


(a) Omitted from { further consideration at this time because of ‘recent construction. (b) From wesese: other units, spqventmations 


146 


Mr. 
Crosby 
| 
| 
| 
| 
j 
| 
| 
| | 
| | 
| | 
& | 
| 
: ~ 


ROAD CONSTRUCTION AND MAINTENANCE 147 


Am. Soc. E.—In these days increase 
the values labor and materials, and the prospect that they will 
continue increase, certainly incumbent those who utilize 
these two elements know that done the best advantage, see 
that when they are combined and produce result, that the result has 
not cost more than should. not enough for contractor 
know whether job paying one, losing one; should know 
whether not every part his contract being carried out 
paying basis. 

seems the speaker that, Mr. Lewis has said, great deal 
the work which has been done cost records and reports more 
the nature accounting than Construction work 
not done for the purpose allowing sorie one get elaborate 
system accounting, strange may seem some accountants. 
The cost-keeping, the accounting, should carried such way 
give detailed information about work, and the important 
point analyze the situation its different elements. 
analysis contractor can very quickly whether 
does that, establish system the different movements 
carrying out the work. keeping the cost items, 
possible too far; possible such elaborate system 
cost-keeping that general result 

the Bureau Highways, the Brooklyn, very 
good system has been use for which possible 
show the cost every item with the work that 
Bureau. The following from the report Bureau for 1911 shows 
the system cost-keeping used for the asphalt pavements, 
and how the same has been analyzed subdivided into different 
items: 

ANALYSIS Costs. 


Wearing Surface. 


Per Box. 

General and Special Costs. (9.3 cu. ft.) 

Carried $0.802 
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u Wearing Surface. 
Per Box. 
Material Costs. (9.3 ft.) 


Asphalt 
Residuum oil 
Stone dust 
Asphalt sand 


Labor and Trucking Costs. 
Plant labor 
Trucking 


Cost per cubie foot 

The total for the 9.3 cu. ft. material 
cents per cu. ft. takes about 1.75 cu. ft. for sq. yd. asphalt 
in. thick. the contractor has his work divided some such 
principle that, can tell absolutely what each item has cost. 
daily reports the quantity work done his different gangs 
different parts the city, able every morning tell whether 
each man coming his idea what should do, what the 
records previous years had shown that men and teams could do. 


Mr. Assoc. Soc. E.—If engineers wish 
Connell. keep abreast the times and attain the highest point efficiency 
their work, cost records and reports are essential. 

The moral effect alone organization justification for keep- 
ing unit cost records. This illustrated the pride aroused the 
men connection with their work. The natural instinct man 
excel his undertakings, but remembered that men 
must led and not driven, and order get the best out them 
their interest their work must aroused, and they must im- 
pressed with sense their responsibility. There better way 
doing this than the friendly competition resulting from unit 
cost records. Men are naturally ambitious—this clearly illustrated 
pastimes and sports, whether shooting marbles, pitching quoits, 
playing baseball, any other form amusement that brings out 
competition—all want excel, and will work hard so; one 
reason because they understand what they are doing and are inter- 
ested; the other because their ambition aroused through com- 
petition, with the result that they will the best they can. This 
same situation should exist all classes work. There man— 
matter how lowly may be, whatever may the nature 
his work—whose interest cannot aroused impressing him with 


Brought 
2.673 
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sense his responsibility and showing 

lies connection with his work. Men often lackadaisical about 
their work because they not understan¥@ just what part they are 
playing, and, consequently, have interest it, whereas 
they understood more about the their work the 
undertaking whole, their interest aroused and they would 
appreciate their responsibility. The only between amuse- 
ments and work, bringing out that the first in- 
stance the man understands the game, part it, and plays 
for all worth; while the latter does not understand 
the work his part it; consequently, interest not aroused 
and does not put forth his greatest efforts. which not only loss 
him, but his employers. Therefore, anything that can done 
arouse the interest the men their work and bring about 
friendly competition inestimable value, nothing will more 
produce this result than unit cost records. 

Cost records are probably the principal means control work, 
and unit cost records are analysis cost and bring out the 
weak and strong spots working organization. already stated, 
unit cost records are simply modern records designed 
keep the work and organization the highest point efficiency. 
Such records are also great value comparing costs similar work 
different industrial establishments, municipalities, works 
departments, has often been said that unit cost records not 
mean anything account the different conditions under which 
work done, the difference wages, labor hours, ete. course they 
are value, and are only misleading, unless they are given 
detail, but this done, and they are properly compiled, such 
records are comparable with cost records similar work other 
establishments and localities, and are invaluable. Only few months 
ago, the budget for the Highway Bureau Philadelphia, Pa., for 
1913, was made largely proportioning the unit cost similar 
work the Borough The Bronx, New York City. This was made 
necessary the absolute lack cost records reliable data any 
description connection with the work coming under the jurisdiction 
the Bureau. impossible make intelligent estimate 
without the aid cost records, and equally impossible deter- 
mine whether all branches the work are being carried 
economical manner the absence unit cost records. 

There seems rather general impression that the necessary 
job orders, time sheets, material reports, and progress reports which 
the foreman required handle, are apt confuse him and, conse- 
quently, decrease rather than increase the efficiency his work. This 
not so; the contrary, they tend develop the foreman, awaken 
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his interest, and, many instances, make new man him. 
Simply because placed his mettle, taken in, certain ex- 
tent, the financial and business end, made important factor 
the organization, and, consequently, his work means more him 
than the mere physical results. underestimate the ability the 
working classes. large majority them, course, have not had 
the advantages education, but they are all capable being devel- 
oped, and are simply waiting for opportunities. Just because fore- 
man never made modern cost record reports reason why 
cannot it; naturally, would confusing the beginning, and 
would make great many mistakes, but before long, all proba- 
bility, would suggesting improvements the form the reports. 
which would better suited the conditions. 

Cost records and reports are invaluable guides the conduct 
work whatever nature, and must not underestimated engineers 


costs which demands consideration. Many instances may 
cited where equally competent engineering supervision governed work 
same character and where the costs materials were the same, 
but where the quality labor and the number working hours were 
not equivalent, and hence the total prices varied remarkable 
extent. The speaker has been connected with work where the hours 
were the same but, due incompetency one hand and ability the 
other, the unit labor cost the former was three times that the latter 
case. evident that complete data relative labor should given. 
otherwise erroneous deductions will made. 

with construction and maintenance work accom- 
plished under the day-labor system State, county, and municipal 
departments, many labor costs are given. Here, without doubt, one finds 
the greatest variation the quality the labor. Poor administration. 
and political interference with the personnel the labor organization. 
are mainly for the marked difference quality which 
exists. 


cost records the importance not letting the keeping ‘of such 
records become the end instead the means; undue emphasis should 
not placed the machinery cost-keeping. Frequently, the mat- 
ter recording becomes laborious, the organization doing 
great, that really regarded the ultimate end sought, and, 
the time the tabulations are made and the costs worked up, the 
information obtained particular value the immediate work. 

For cost records must kept that the results can 
compiled short intervals time, and give some comparison 
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the items the work immediately consideration, order that 
can seen instantly whether work going properly. 
should also borne mind that cost records may not 
such great value contract work they 
would were directly handling labor organization and 
could point out the individual one excelled 

For city municipal organizatién, there are better general 
methods than those which have been the Board Water 
Supply New York City, the Service Commission, and 
similar organizations. 

Details how the records should kept, what charges should 
made, overhead plant charges, are matters which concern all 
engineers. not only necessary know the price the materials 
that are being actually used, but what being paid for labor and other 
items, the charge for depreciation plant, overhead charges, and mat- 
ters like character. 

Unless such correct the details cost made, the 
records become worse than useless and allow wrong inferences 
drawn, certain road work with which the speaker 
familiar, where unit cost per mile, when analyzed, was 
shown largely due the inclusion the entire first cost the 
plant used. 


engineering costs important the service. Such costs, 
compared periodically with the contractors’ requisitions for payment 
for work done, and published for the engineers, are inducement 
eliminate the inefficient members the corps soon possible, and 
tend improve the standards the younger members the Profession. 
The elimination is.made usually the end the probationary period 
customarily required civil service rules. This opinion drawn 
from observation construction work New York City. 
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(3) DESIGN HIGHWAY SYSTEMS. 


JEAN Am. Soc. E.* (by writer 
will not undertake decide what highway system ought be, but 
will outline briefly what the French highway system is, the belief 
that such system, with appropriate modifications, might furnish 
basis for American centralized State system highways. 


The following remarks not apply primarily the National Main 
Highways which connect Paris with the large cities and the frontiers, 
and are constructed and maintained the Central Government. These 
main highways (Routes Nationales), were built more than 150 years 
ago—when scarcely any roads were found other countries—for 
the Royal mail. 

Their total length about 24000 miles, and the annual appropria- 
tion for their reconstruction and maintenance $6500000. The 
total width these main highways ft. in., ft. 
ft. in., according classes, including lateral ditches ft. in. 
generally constructed water-bound macadam which tarred oiled 
summer. the sides most these roads trees are planted, and 
form graceful avenues, which many are old and quite beautiful. 

The cost building and maintaining these roads rather high. 
varies, course, different parts France, and, the past, 
has varied according the times. The general expense for the 000 
miles main roads has been about average 
$12 600 per mile. The cost maintenance about yearly, 
averaging $270 per mile. the average highway this kind con- 
sidered being about yd. wide, including ditches, the prices per 
square yard would $0.35 for construction and $0.00765 for main- 
tenance. the width taken only 154 yd., the ditches excluded, 
the maintenance cost would about $0.0099 per sq. yd. 

These highways played very important part National activity 
France before railroads were constructed. Nowadays, believed 
the writer, they are less important than the other roads the 


* Most of the information in this discussion has been collected expressly for American 
engineers by the noted road expert, M. Le Gavrian, of Versailles, Ingenieur des Ponts et 
Chaussées, and Assistant General Secretary of the Permanent International Association of 
Road Congresses. 
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country, which amount 339500 miles length and require 
annual expenditure $37400000. roads include mainly 
Chemins Vicinaux Grande Communication, connecting the cities 
and villages, and the less important Ordinaires, 
which connect farms with the next the nearest city. 

The total widths the Chemins Grande are 
class. These widths include lateral ft. in. ft.. and 
central metaled roadway ft. in. ft. in. the case 
the simple Chemins Ordinaires, the tota ft. with ditches 
ft. in., and central roadway ft. the Chemins 
their dimensions may still and sometimes there are 

the National highways the grade 100, and 
the minimum radius curves the other roads the 
maximum grade 100, and the radius curves 
grade the effort hauling load about twice much that required 
good level road, and 100 grade, the effort nearly 
tripled. length such incline short, the horses may give 
the needed supplementary effort, and reduction the load neces- 
sary; but the slope steep for long distance, such reduction 
unavoidable. applies the total load, and the dead load 
cannot reduced, understood that the useful load reduced pro- 
Motor trucks are affected much horses such 
and perhaps more. 

Before returning the subject main highways, the opinion ex- 
pressed that some system Federal State main highways, built and 
maintained Federal State engineers, may certainly justified 
the United States, where there lack able engineers, centralized 
authority, money. The difficulty provide the other system 
ordinary roads with able engineers, with centralized authority, and with 
sufficient yearly appropriations. ihis phase the subject which 
will further considered. 


engineers. divided into units, called Departements, 
the average area each which would about equal counties 
the State New York. Hence, New having counties, would 
make French Departements. The (plus Belfort Terri- 
tory) are divided into 275 (average Departement, 
275 


3.2). The 275 Arrondissements divided into 325 Cantons 
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325 
(average 27; average Arrondissement, 


325 
8.4); and the 2325 Cantons are divided into 222 Communes 


222 
420). The gross area France 


(average Departement, 


207 000 sq. miles. The average area Arrondissement, therefore, 
207 000 
275 
county. area New York State 204 sq. miles, and the 


average area each county 800 sq. miles. 


750 sq. miles, being about the average area New York 


Each Department also unit for several public services, and, 
furthermore, political unit. has Governor, appointed the 
Central Government, called Prefet, and elective body called the 
Conseil Général. has also certain revenues produced taxes, the 
appropriation which decided the Général. 

All the road system Chemins managed the Prefet, 
and the expenditure voted the Conseil Général, the Central Gov- 
ernment having practically nothing with it. 

The Prefet, course, does not manage the road system himself, 
but through centralized body competent technical men. about 
half the Departments the work has been entrusted the Conseils 
the body Government des 
Ponts Chaussées—to which the writer has the honor belong. 
These roads comprise only small part their work. They also have 
charge the National Main Highways and the various civil engineer- 
ing works which are administered the French Government, including 
all the inland navigation works, canals and canalized rivers, all the 
ports, docks, harbors, sea shores, and light-houses, and the inspec- 
tion maintained the French Government over the railroads, with 
reference safety, regularity, and rates, and also to. secure proper 
maintenance the railroad property which only entrusted the 
railroad companies for definite period, the expiration which, 
such property will the Government. 

the other half the Departments forty-six) special 
technical bodies have been organized, which are, course, quite out- 
side politics. They chief road engineer, residing the 
Capital the Department, near the Prefet, and having charge all 
the Chemins the Departement. 

Each Departement divided into three four political districts 
headed Sous Prefet, and called Arrondissement. each 
Capital each district there resides district road engineer who 
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under the orders the chief road engineer and has charge all 
the Chemins the Arrondissement. 

Each Arrondissement divided into eight nine judicial districts, 
named Cantons, each which also has its small Capital, which re- 
sides assistant road engineer who has charge all Chemins 
Vicinaux the Canton. under the orders the dis- 
trict road engineer. 

Finally, all roads Canton are divided into sections, each having 
average length miles, and each these sections the cele- 
brated French Cantonnier, road patrolman, works constantly with 
his pick-axe, shovel, shrub, and wheel-barrow. These 
are under the orders the assistant road engineer. few them 
have shorter sections, and they look after the work their neighbors, 
foremen (Chefs Cantonniers). The Cantonniers are simple laborers, 
generally agricultural training, and are not required have any 
special knowledge order enter the service. They are only expected 
steady and trustworthy workers. 

evident that every square yard French roads under the 
permanent care patrolman, chief patrolman, assistant 
road engineer, district road and chief road engineer. 


All these men form hierarchy, with Prefet the head. Any 
complaint the people, their atives, the Prefet prop- 
erly attended to. 

All members the road service, the patrolman the chief 
engineer, work under civil service law. they have once entered 
the service, they can only dismissed serious misbehavior. 


They are promoted regular intervals, better pay, and when they 
retire, after thirty years’ work, they get old age pension. 

Most the patrolmen lack sufficient become assistant 
engineers. The latter are recruited competitive examinations, 
taking place every two three years, young men who have 
studied, themselves school, the subjects such the 
elements mathematics, surveying, designing, and road con- 
struction and maintenance. The boys emgloyed helpers for drafting, 
designing, and surveying, the offices engineers, also generally 
undergo public examinations. practical experience serves 
them well, and most them succeed. The district engineers are gen- 
erally chosen from among the most able experienced the assist- 
ant engineers who have had many years service. The chief engineer 
for the whole Department may have been previously district en- 
gineer, but not obligatory. some cases was formerly civil 
engineer, graduate from one the principal schools, architect, 
Ingenieur des Ponts Chaussées. 
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Table shows the number chief, district, and assistant road en- 
gineers each the Departments where special road service 
has been organized. 


DEPARTMENTS HAVING SPECIAL ROAD SERVICE. 


Chief Road Road Assistant Road Field and Office 
Departments. Graduate 
Engineers. | Engineers. Engineers. Assistants. 
Ardennes... 1 5 42 6 
Ariége.... 1 4 22 11 
Aude...... 1 4 49 16 
1 2 21 9 
Creuse.... 1 4 | 2 8 
Dordogne 1 5 42 21 
Doubs...... 1 5 26 11 
Eure...... 1 7 44 12 
1 4 36 10 
Haute Garonne....... 1 5 48 16 
Indre-et-Loire........ 1 3 25 15 
Jura. 1 5 36 10 
Landes 1 4 25 a 
Lozére 1 2 19 12 
eee | 1 6 51 4 
Meuse. 1 4 39 14 
Morbihai 1 6 25 10 
Niévre 1 8 BO 9 
Rhéne......... 1 3 32 | 29 
Seine-et-Oise......... 1 7 51 | 17 
Deux Sévres.......... 1 4 31 | 12 
Somme............+05: 1 6 45 | 15 
1 5 18 
1 8 26 6 
1 6 32 
1 6 42 6 


examples, statements will given concerning the salaries 
the road engineers and assistants two Departments: Seine-et- 
Marne (population 358 area 2300 sq. miles) the service 
entrusted the des Ponts Chaussées; Seine-et-Oise 
(population 707325; area 2170 sq. miles) there special 
service departmental road engineers. 
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Pulligny. 
(Road Service Entrusted the Gove# ment Civil Engineers.) 

The body Government Civil 
was created February 1716, and 
sées, for the education such engineers, 

The classes and salaries the body Ponts Chaussées are 


follows: 
Annual salary. 


ers (Ponts Chaussées) 
Ecole des Ponts Chaus- 
founded 1750. 


addition their Government work, ‘these engineers are allowed 
work for departments, cities, chambers ete. From this 
and from other supplements given the State itself nearly all 
engineers earn least $200 yearly. Many earn more, and the sup- 
plements few equal exceed their salary. 

The State salaries their assistants follows: 


Conducteurs (Assistant Engineers), $425 $965 per annum, accord- 
ing seniority. 

Commis (Office and Field Graduate ants), $280 $675 per 
annum, according seniority. 


After years employment, all and assistants are 
granted old age pension about the highest salary they 
have obtained. Besides their State salary the engineers 
and their assistants receive the following fees for their departmental 
road service: 
Annual fee. 

District Engineer.......... 


Conducteurs (Assistant .$123 $192, according seniority. 
Office Assistants: Head clerks..... 385 
Typewriters and field and office as- 


The patrolmen are special for the Departmental Road Service. 
Their monthly salary follows, according seniority: 


When these officials are ordered travel outside the limits the 
city which they reside, they receive traveling expenses. 

During 1912 the total salaries, traveling, and sundry expenses for 
the road officials, including patrolmen, the Department Seine-et- 
Marne, amounted $28 000. 
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DEPARTMENT 


(Special Departmental Road Service.) 
The salaries and old age pensions after years’ service are 


follows: 
Annual pension 
after 30 years’ 
Annual salary. service. 
Agent Voyer (Chief Road En- 


Monthly salary. 


Many employees also receive various supplements for the high cost 
living certain cities, help large families, extra work, traveling 
expenses, etc. 

The total these expenses for the office staff the Department 
during 1911 was The total expense for patrolmen and chief 
patrolmen, including all sundry expenses, was $72 500. 

These two Departments are near Paris, where the cost living and 
all salaries are high. many other Departments, the salaries would 

The total expense for the Chemins all classes during 


Regular maintenance 355 000 


Salaries and general 400 000 


ADMINISTRATIVE AND FINANCIAL ORGANIZATION THE Roap 


The engineers the road service not only build new roads and 
maintain existing ones, but take important part the administra- 
tive and financial working the road system. 

The assistant engineers walk nearly all day the roads their 
mobile. They constantly meet the elected Mayors the small towns, 
and they know all the needs the people. Knowing also approximately 
the available resources for the year, they prepare, for each 
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township and for each road their scheme for maintenance 
expenses and for the building new They send their reports 
the district engineer who sums them and makes any changes 
deems necessary. 

All the district engineers forward the chief engineer, 
who designs general scheme for the and building 
new roads the whole Department. town village has its 
small elective body which called deliberate the road work and 
the expense which concerned. Bill for this scheme then 
discussed the Department’s Legislature its annual session. and 
may undergo some changes. The appropriation finally voted, and 
the works are then carried out with more the part 
the political representatives, the road engireers acting only under the 
authority the Prefet. The expense levied the town village 
public tax, even the people not approve it. 

The Chemins thus taken care the Department, are 
the Chemins Grande Communication which two more 
towns villages. such cases admitted that the maintenance 
the roads must not entrusted the townships, because one town 
might its share the work and suffer because the other town would 
not the same; therefore, the money provided the town taxes, 
but the direction the work assured the Department. 

The construction new Chemins Gr.nde Communication un- 
dertaken the Department for the same reason, but, this case, 
there important difference the the funds. Instead 
providing all the money from municipal revenues, the towns only 
give part it, and the remainder the Department 
from its share certain taxes, the amount which divided between 
the Central State, the Department, and towns. The sharing 
the expense between the town and the provided accord 
with definite rules, which both the the township and its 
resources are considered. 

The total revenue produced certain supposed 
index the comparative wealth the and the area their 
district considered measure needs for roads. The 
revenue being divided the area, the considered 
index number which the townships are and, for certain 
index number, they may receive help from 
the Department, high for very township with very 
wide area needing very long roads. 

similar classification made the the same 
double basis wealth and area, and appropriation from the 
Central Government’s fund divided the Departments 
National aid for the construction their This appropriation 
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amounted only $2000000 1910. has been larger certain 

Such the technical, administrative, and financial system, and 
has worked satisfactorily France for nearly century. only 
applies the Chemins Grande Communication which 
concern two more towns villages. 

for the Chemins Vicinaux Ordinaires, Chemins Ruraux, and 
Rues (streets) which concern only one town village, the Mayors are 
free build and maintain these roads out the municipal funds, 
they wish. fact, all the villages and small towns voluntarily entrust 
their road work the assistant road engineer, whom they see daily, 
few municipal works sewerage, water, gas, electricity, 
looked after, the road work, special engineer appointed and 
takes care the whole. city still more important, one more 
municipal engineering services are organized. The municipal en- 
gineering services the City Paris are extremely complete, and 
their organization most remarkable, from every point view. 

few words may devoted two other divisions made the 
laws the past reference the French roads, namely, the Routes 
Departementales and the Chemins d’Interet Commun, which are noth- 
ing more than types Chemins Grande Communication. 

The difference names carries few changes the rules governing 
the management these roads and the corresponding funds. These 
changes are not directed toward simplicity. many years the ten- 
dency all Departments has been have only one class roads, the 
Chemins Grande Communication. more Chemins d’Interet 
are created, and every year some Routes Departementales are 
dropped from the official lists, and are afterward considered Chemins 
Grande Communication. The length the Routes Departementales 
has decreased from 500 miles, 1869, the present time. 

January Ist, 1911, the 395 729 miles Chemins were 
distributed shown Table 

previously stated, there are also miles Routes Departe- 
mentales and 24000 miles Routes Nationales, forming grand total 
428000 miles roads all classes. 

The building and maintenance expenses the Chemins 
have varied according time and place, but the figures Table 
give idea what they usually cost. The lengths considered 
only the roads accepted under construction. 

For comparison the figures relating the Routes Nationales have 
been reproduced, and also some for the Routes Departementales. 

The total length French roads nearly 372000 miles, and their 
total cost may considered roughly more than The 
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difference between these 372000 miles and the total 428000 pre- 
viously given, results from the omission from Table the 


miles which have only been designed. 


There are also about 


miles farm roads, with without ditches, metaled roadway, and 


maintenance. 
TABLE 2.—CHEMINS 


VICINAUX. 


GRANDE 
COMMUNICATION, 


Condition. 
Miles. 


Accepted and regularly 


Under construction...... 
Only 


INTERET 
Commun, 


ORDINAIRES. TOTALs. 


TABLE 


AGE 


| YARDS. 


Classes. 


in miles. 


Total 
expense. 


Total length, 


Ditches 
excluded. 


Commun....... 


Totals 


AVER- 
rg APPROXIMATE CosT OF: 


Wiprsa, | 


$300 000 000 $12 600 500 000 
63 000000 750 


665 000 060 
178 000 000 
457 000 000 


Cost 


Annual Maintenance. 


Per 
mile. 


Total 
expense. 


Per square yard, 
ditches included. 
Per mile 
Per square yard. 
ditches excluded 


000 
900 157 
126 


The annual maintenance the 


miles regular roads 


requires nearly $45 500 000, the share the Central Government being 


500 000 and that the Departements nearly $39 000 000. 


This 


shows contribution about per head population. 

For comparison, few rough figures are given Table regard 
the other means public transportation France, long-distance 
railroads, local railroads, road canalized rivers, and canals. 


Mr, 


maintained............. 107 000 47 20% 178 000 332 200 PY 
B02 6 700 7 289 | & 
108 257 238 200 395 729 
ROADs. 
| | 
| j 
| as 
Chemins Vicinaux de | | : 
| 644) 0.0068 
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TABLE FRENCH RAILROADS, TRAM- 
WAYS, CANALIZED RIVERS, AND CANALS, 


| 


j 


AVERAGE Cost: 


Total | Total 
building | length, Annual! Maintenance. 
expense. Building 
per mile. 


Total. | Per mile. 


Long-distance railroads...| $3 100 000 000 25 000 $124 000 $31 000 000 $1 240 
Local railroads............ | 370 000 v00 5 200 71 000 1 610 000 | 810 


Tramways (road cars).... 5 750 


The total length operated, the total freight, American tons per 
mile, and the total revenue railroads, are given Table 


TABLE 5.—LENGTH, TRAVELERS, FREIGHT, REVENUE, ETC., 
FRENCH RAILROADS, CANALS, ROADS, ETC. 


| 
Long-distance railroads (1908)........ 9900 100 000 000 $140 000 650 
Tramways (road cars) (1907)......... | 8180 157 30 83 700 000 i 
National roads............ .... 
Departmental and vicinal roads...... .... 


Brewer, Am. Soc. E.—In Massachusetts there are 
Boards Survey which, certain extent, may control the develop- 
ment the roads any municipality. Every town has the privilege 
State law which provides for such Board, and, 
many cases, the cities, which this general law does not apply, have 
secured from the Legislature special act governing their own par- 
ticular eases. These laws vary somewhat, but they are all framed with 
one end view, namely, the creation board which may guide 
and, far legally possible, control the design the various 
municipal highways systems highways. 

the City Waltham these highways are classed main thor- 
oughfares interurban roads, local thoroughfares parkways, and, 
thirdly, residential streets. the duty the Local Board record 


| 
| | | 
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plans, either adopting the petitioner’s designs making its 
own, which will secure system highways fit the peculiar needs 
the place. Much can be, and has been, done toward the improve- 
ment municipal street systems. fair question, however, 
whether not great systems highways, either State National, 
can built this way, though local boards are often broader- 
minded than one would expect, especially they are intelligently and 
tactfully advised competent engineer. 

The speaker wants make plea for more consideration, the 
part engineers, for some those things which cannot determined 
altogether the transit; consideration those factors which make 
for more permanent values, not only the road itself, but the 
abutting property; consideration the fact that, Stevenson puts 
it, “every year, road goes on, more and more people are found 
use and others are raised repair and perpetuate and 
keep alive”; and, might have ‘to build beside it”. 

Two factors which contribute values, not only 
the road itself, but also its surroundings, are often ignored, 
namely, adequate drainage and the development suitable and attrac- 
tive building sites. The engineer remember that drainage 
the road itself more essential location which will admit 
inexpensive and adequate drainage the whole territory which 
serves. time also for him that even the larger 
systems highways will built later, and the character 
the building sites which they are develop and serve, 
account appropriate and attractive becoming appreciated 
more and more the people the States. Highways any 
sort cannot designed and the same way railroad 


system, for itself and its own alone. Its surroundings 
are important itself, and too entirely overlooked. 


Netson Lewis, Am. Soc. are intended 
primarily supply means and transportation, 
permit travel from place place with minimum effort and resist- 
ance and the least possible The importance intelligent 
and rational system roads has not appreciated. Much attention 
has been devoted details construction, and properly, but there 
has been too little regard for the real purpose the highway. Much 
has been said and written about the planning the streets towns, 
but little about the design the system rural highways leading 
and from towns and cities, and yet the difference largely one 
rather than principle. The considerations which should con- 
trol the development system highways city, county, state, 
have been quite generally disregarded, the chief aim usually having 
been simply afford access the abutting plot, estate, farm. 
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The first highways the United States were developed very 
fashion. They followed Jines least resistance; the road surface 
was the natural soil; the grades were necessarily light, owing the poor 
surface, and therefore the roads were circuitous. the communities 
which these roads connected grew population and importance, better 
road surface was demanded, but little attention was given the straight- 
ening lines order furnish more direct routes. Little regard has 
been paid the general appearance and attractiveness highways 
between centers population. many cases the main connecting 
roads lead from some secondary shabby street one town city 
street the same class another town; the impression which the 
user the road gets both towns unfavorable, and the highway 
loses much attractiveness and dignity. such connecting road 
approached and entered town along well-designed roads and streets, 
increasing importance and dignity until the civic center was reached, 
travel over them would pleasure well mere attempt get 
somewhere. 

Every city and town has straggling system roads running out 
into the suburbs, which some day will become important streets, not 
thoroughfares, but they are frequently allowed remain straggling 


roads until the development the abutting property has advanced 
that widening and straightening will involve expense which 
prohibitive. advocate the improvement such roads anticipa- 
tion future growth requires courage, and will result criticism from 
some quarters. allow them remain until necessity demands their 
improvement may easy, but such course cannot justified. 


Owen, Am. Soc. E.—To appreciate the development 
any the systems highways the United States, the condition 
the country must considered. There are perhaps three four 
methods development: the pioneer development, which took 
place during the Colonial era, when man built house distant from 
his neighbors, built road it. generally put his house 
hill. The road finally was extended into main highway, and that 
why great many the highways the Eastern States are not 
properly located and are bad grade and alignment; but they are 
fixtures. The developments along them preclude any main deviation 
from their original location. About 1820 the Government formulated 
the purpose taking the Mississippi Valley and staking out the 
whole country one section. The rule was have north and south 
road for each mile. The problems direction and ease access were 
ignored, and even the auestion grade was not considered. 

The great necessity wagon travel to-day through roads 
every locality where there growing population. There utter 
lack local appreciation through highways. 
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Amos Am. has undoubtedly the 
best and most highly organized system highways any nation 
the The systematic and maintenance its public 
roads probably also dates back farther than that any other country. 
The method which the money construct and maintain 
the roads under the jurisdiction the different authorities indi- 
their classification. 

Nearly every nation exercises more less control over its high- 
ways, depending their character use. Where such control 
exercised, the roads are usually divided into two more classes 
which indicate whether they are main secondary highways, and also 
largely under what governmental they are. This classifica- 
tion very minutely carried out and represents the rela- 
tive importance the roads artéries traffic. most other 
countries there are not more than three classes. Germany 
perhaps the most important this method control. 
has control over its highways, except Alsace-Lorraine. 

the United States, during the past decade, great many States 
have appropriated funds and created organizations for the improvement 
the public highways. these improvements are made, roads pass 
from local State control, and the speaker predicts that the time 
near hand when the Federal Government will also take active part 
highway construction. even now exerting great influence 
encouraging the improvement roads various ways, recommend- 
ing road materials, superintending the construction experimental 
roads, and distributing literature the subject throughout the coun- 
try. When the Federal Government does take active part road 
construction, the “Design Highway Systems” will broader 
lines than has yet been attempted. 

these remarks the speaker will himself the location 
roads rather than the design cross-section the roadway, 
drainage, road materials, methods and various other 
matters which form more part the details the 
design highways. 

The agitation for better roads international scope. The 
problem co-ordinating and existing roads, locating new 
ones form national highways, and them with those which 
will built other countries the Federal Government 
solve rather than the individual 

The first considerations the de; highway systems are line 
and grade, but these are influenced great many other circum- 
stances. The most direct line large cities may through 
very hilly intervening country, best grades which could 
obtained direct line might heavy traffic. The 
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maximum gradient used, therefore, will have determined 
before the horizontal location. The adoption maximum gradient 
will possibly increase the distance between the objective points very 
materially, but distance must always sacrificed grade. main 
highway constructed between large cities, some distance apart, 
there may smaller intervening cities lying the right left 
the most direct line which might located account the estab- 
lished gradient. might more economical locate such highway 
through these intervening cities, even the expense distance, than 
connect them with the main highway branch roads. might 
also desirable follow along the foot hill where protection 
from the sun summer and from snow winter would afforded 
trees and shrubbery, instead going directly across barren plain. 
Where draft animals are used, fresh water may consideration 
taken into account. will seen, therefore, that there are 
great many considerations which exert influence the location 
main highway. 

The influences which the speaker has outlined affecting the loca- 
tion highway, except the question grades, apply more particu- 
larly new highways. The routes existing highways are already 
determined, that there less choice selection. 

The State engineer often confronted other problems. 
usually his duty transform country earth road into 
first-class highway. this case, also, the established maximum gradi- 
ent should not exceeded, even the expense changing the align- 
ment. The other considerations probably have already been complied 
with. may necessary sometimes straighten out some bad 
curves widen the roadway curves, intersections, re- 
duce the danger collision between fast-moving vehicles. When this 
done, judicious treatment existing conditions necessary. For 
example, old roadway may well sheltered trees which protect 
both the road and the users it. would foliy cut down these 
trees for the purpose widening the roadway intersection where 
might possible construct new additional roadway behind 
them. This would provide two roadways, one for each direction 
which would better than one wide roadway and would save 
the trees which would give protection both roadways. 

Wherever possible, trees and shrubbery should saved all 
points along public highway. The esthetic surroundings along 
such highway have considerable influence various phases life. 
They will much toward keeping people the country instead 
having them move the cities. They also have tendency distribute 
people from the cities search recreation instead concentrating 
them amusement and pleasure parks. 
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The width roadway question which requires careful con- 


sideration, and governed more the character the traffic than 
any other factor. long-distance, through highway, which the 
traffic usually the high-speed variety, requires less width 
roadway than short road between adjoining villages which there 
mixed traffic. Two automobiles require less width and less dis- 
tance pass than two trucks. road connecting two villages often 
accommodates such variety automobiles, trucks, carts, 
pleasure carriages, perambulators, pedestrians, and children running 
loose. Such road must obviously wider than one which accom- 
modates less dense and more rapid 

addition the kind roads already described, there are those 
less importance, which not connect distant points, but connect 
smaller places with each other and with the main highways. the 
United States these roads are destined remain under the 
the local authorities for some time come, and with but com- 
paratively little improvement. 

The design highway systems applies cities well the 
country, and some the requirements for country highway apply 
also city streets. Where proposed lay out system 
streets for new city, the problem comparatively easy, but cities, 
rule, have not had their birth design. The problem the 
design street system usually the planning streets territory 
adjoining city already existence, the alteration streets 
already built. Where the adjoining territory undeveloped, the prob- 
lem also comparatively easy. Provably the most difficult prob- 
lems street design are the cases number adjoining towns 
are annexed larger city. example this the annexa- 
tion New York City the now known the Boroughs 
Brooklyn, The Bronx, Queens, Richmond. these 
territories comprised large area vacant land over which were 
scattered number small the street system each 
which was oriented differently the original city, and 
from one another. The solution problem undoubtedly 
develop into main arteries traffic old highways connecting the 
villages with the city and with one widening them 
ciently accommodate the dense which sure develop. 
country roads, may also necessary straighten them, and 
this may done with less regard for the surrounding topography 
than the case country roads, because their character will change 
the city expands. The width the roadway also governed 
the demands traffic, but that the street which the city takes 
title should governed addition the character the develop- 
ment which will follow. New York City, this development will 
probably apartment houses, and therefore light, air, and access 
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exert more controlling influence than traffic. This factor which 
often lost sight of, even the present time. The result that 
the future, when expensive buildings the streets, they 
have widened great expense. 

The following summary, therefore, may made: 

The location and design international and interstate highways 
should undertaken the Federal Government, that other roads 
and streets the State, county, town, city, having jurisdiction 
over them. 

The controlling influences the location highways are such 
grades will economical, both for traffic and construction, inter- 
vening cities and towns, topography, and vegetation. 

For through city streets, the controlling influences are directions 
route, sufficient width accommodate traffic, and easy gradients: 
for streets less importance, the location governed topography, 
and the frontage which will provided for private development; the 
width governed more the requirements light, air, and access, 
than those traffic. 


entirely different from that city. The highway problem has 
unconsciously been largely discussed from the standpoint pleasure 
automobiles, but the important point must not forgotten, namely, 
that roads are built transport vegetable and mineral products. 

The German highway system the Kingdom 
excellent, and especially the Province Hanover where de- 
signed obtain the maximum wealth the soil and convey 
the shortest routes the centers for further shipment rail the 
ultimate consumers cities, and for export. 

The radial system should designed reach out far possible 
from city. Many fine highways may built, but unless they are 
with little farms and country places, their real economic pur- 
pose will fail. Local roads are part system. They can nar- 
rower, and can constructed with less expensive surfaces than main 
arteries, but they must just viable the main highways; other- 
wise, the products the soil are blocked from coming the great 
cities. This system main roads and laterals likewise distributes 
the products the central producing factories back the people 
who have extracted and supplied the products the earth: the true 
wealth producers nation. 


needed connect all the towns throughout the State. The town 
should connect with the State system, thereby making tentative 
system through its limits (considering only the town system, regard- 
less ownership). present, man who owns small piece 
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land divides into house lots and the streets without con- 
sideration the continuity the highways. the town system 
already laid out, then development allowed only along these 
lines, unless any change suggested better, or, least, not 
detrimental to, the town system This can accomplished 
the town refusing accept allow municipal improve- 
ments placed any street not the system subse- 
quently approved the proper authorities. 


Am. Soc. E.~-Like most the large cities 
the United States, Boston made several other cities and 
towns which have been annexed different times, and each these 
cities and towns contained several centers, 1891 the State Massa- 
chusetts passed act requiring the City Boston appoint Board 
Survey, the duties which should plan, immediately and 
expeditiously possible, street system for the whole city, and such 
Board was appointed. 1895 its duties were transferred the Board 
Street Commissioners which has charge the laying out all 
streets the city, and since that time has constituted the Board 
Survey compliance with the original law. 

The law provided that these streets should planned, and that 
their directions, widths, and grades should determined, plotted, and 
indicated maps. This work was done very thoroughly, the undevel- 
oped portions the outlying districts the whole city being covered. 

Particular attention was given three classes streets: 

First, the connecting between the different centers 
population and business. These made direct possible 
widening and straightening the old The new widths were 
determined considering the future traffic, and the grades 
were made easy possible that traffic. Those 
streets were the arteries. 

Second, the residential streets, the undeveloped spaces 
between the little villages. Their was less direct. The 
grades were allowed steeper whef necessary, and the widths, 
course, much less than those the 

Third, class roads which for pleasure travel, and was 
largely connection with the and the park system reserva- 
tions both the State and city 

The law required that whenever convenience demanded that 
streets should constructed and laid public highways, the plot- 
ted lines and grades should followed, and that private individuals, 
the development their property, also conform the lines 
thus laid down. The penalty imposed individuals for not following 
these lines that the city prohibited from placing any public works 
private streets which are not these lines and grades. 
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The topography Boston such, and the settlement the terri- 
tory has been complete centers, that has been impossible 
make the city over any rectangular other systematic development; 
but the irregular development has been considered some ideal 
from esthetic standpoint. 


considered from the standpoints the Nation, State, county, township, 
city, town, and park. this discussion the problem design will 
limited consideration National, State, and county town- 
ship systems. City and town planning present many 
each, the consideration which not necessary the design 
the systems classified above. The design highway systems in- 
cludes consideration the social, industrial, and agricultural develop- 
ment country; the inter-relationship between highways, railways, 
and waterways; the methods transportation which will probably 
used, such horse-drawn vehicles, commercial motors, motor-busses, 
and light railways; and the limitations grades the different types 
roads and pavements for each kind traffic. 

national system for the United States would necessarily include 
trunk highways traversing the country from east west and from north 
south, and passing through the great centers population, and 
through trunk highways forming connections between the important 
cities and these main highways. 

State highway systems should developed the French plan, 
that is, main trunk highways constructed the expense the State, 
and county highways constructed State aid under its supervision. 
Town highways may may not constructed with financial aid from 
the State, but they should receive the advantages accruing from such 
aid through the medium its engineering department, typified 
the practice the State New York. 

With the adoption this plan financing the construction 
State, county and town highways, becomes practicable design 
comprehensive system State trunk highways connecting all important 
industrial, agricultural, and social centers. 

The county system may built within the State system the 
same principle, but from the local county standpoint. Under this plan, 
congested districts, town highways will generally feeders 
the State and county systems. obvious that the different classes 
are laid out the unit government directly affected. like- 
wise apparent that lower unit rests the responsibility covering 
improvement highways general interest higher political unit, 
vexatious and costly delays the the system trunk 
highways will probably occur. 
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(4) EQUIPMENT FOR THE CONSTRUCTION BITUMIN- 
OUS SURFACES AND BITUMINOUS PAVEMENTS. 


SHARPLES, AND Prevost 


Francis Am. Soc. E.—The earliest bituminous 
pavements laid America were made with coal-tar, and the first 
mixing methods were very crude indeed, hand labor being used 
almost exclusively. degrees, suitable machinery was devised, 
and, the industry grew and sheet-asphalt pavements were intro- 
duced and became popular, the paving plants was 
very rapid. large cities, where area pavement laid 
was great, the plants were built permanent fixtures. Where only 
limited amount work was done, the investment was too great, 
and the semi-portable plant was developed. This was de- 
signed that could’ taken shipped some other place, 
and set again, without too great Next, the railway plant, 
built flat cars, was devised. great improvement, 
could taken down set hours, and was entirely self- 
contained. very large number ‘Plants this type are now 
use the United States. 

The permanent, semi-portable, railway types are used chiefly 
paving town and city streets, hauling expensive, and, 
order operate economically, the must placed near the 
street road paved. Where and heavy machinery in- 
volved, its economical transport, confined railroads, 
which are absolute necessity where such plants are concerned. 

The comparatively recent and rapid development the bituminous 
concrete type construction for country highways has resulted 
still another plant. Such highways are frequently, perhaps usually, 
too distant from railroads make possible locate mixing plant 
the line the railroad and economically haul the hot mixture from 
the work. Even this could done, the contracts, owing 
local are frequently let small contractors who are not 
able purchase large mixing plants. Within the last few years, there- 
fore, number plants have been designed which, for lack better 
term, will described the concrete-mixer type. Their output 
relatively small, and their use chiefly confined highway work. 
They are not economical complete the larger plants, but 
when properly operated, there doubt that they have their field 
usefulness. 
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the various types plants have been described elsewhere, has 
seemed more important the speaker the principles involved 
their design and operation than attempt describe them 
detail. 

Regardless the type plant used, three operations are 
involved the manufacture bituminous pavements the mixing 
method: 


1.—Drying and heating the mineral aggregate, 

and heating the asphalt cement bituminous 
cementing material, 

3.—Mixing the hot mineral aggregate with the hot asphalt cement. 


properly designed plant, the machinery for conducting each 
these operations must capable handling sufficient material 
insure the required output. This very important consideration, 
with reference not only the time required complete the work, 
but also the quality the mixture. Given ample mixing capacity, 
but insufficient drying and heating capacity, there will always 
strong temptation rush the material through the dryer and mix with 
the bituminous cement before dry enough and hot enough in- 
sure the proper coating the mineral aggregate. With the condi- 
tions reversed, the time mixing each batch will reduced order 
keep with the output the dryer, and this, course, will result 
defective mixture which the bituminous material not evenly 
distributed throughout the mass and the various particles are not 
completely coated. 

Where the drying and mixing are done the same drum, the 
modified type, the temptation first mentioned always 
very strong. Furthermore, hard obtain correctly the tempera- 
ture broken stone, under the best conditions, and most plants 
this kind difficult get the stone test it, even the 
machinery stopped. Frequent stoppages, course, will strongly 
objected the contractor, and, besides, thermometers are frequently 
broken this kind work. Add this the fact that these plants 
are usually run men who are somewhat inexperienced (in fact, this 
given some manufacturers one the great arguments 
favor this type plant), and not difficult account for some 
the unsatisfactory results obtained. 

understand more clearly just what involved the three 
operations mentioned, they will considered separately. 

Drying and Heating the Mineral mineral aggre- 
gate usually consists sand, broken stone, gravel, mixtures these, 
and, depending the kind pavement laid, requires heating 
temperature between 250 and 350° Fahr. 
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Notwithstanding the fact that paving work not usually 
wet sand stone through the its exposure the 
weather because freshly dredged being used. Unless ample 
drying capacity provided, the output the plant when 
using wet mineral aggregate will reduced. Many pavements 
are laid late the fall early and, under these conditions, 
much greater drying capacity will than warm weather. 
Where the conditions vary above Nescribed, late the season 
when the difference temperature between early morning and noon 
very great, any attempt regulating the drying operation al- 
lotting fixed time for it, which adhered without change during 
the day’s operations, absurd and useless. The temperature the 
mineral aggregate must tested, preferably with thermometer, 
frequent intervals, and the heating period must changed from 
time time found necessary, and regulated accordance with 
the results obtained. 

asphalt plant, over-heating has guarded against care- 
fully and continually, yet the capacity the concrete-mixer 
type road plants usually that the tendency under- 
heat rather than over-heat the aggregate. Care should 

When mixture sand and stone different sizes 
being used, care must also each batch material 
relatively the same mesh This requires great care 
feeding the mineral aggregate dryer, and, unless this point 
insisted on, the average will totally neglect it, and the 
resulting pavement roadway wil¥ hopelessly lacking uni- 
formity. Generally speaking, fine guixture requires greater quan- 
tity bitumen than coarse one. With the same quantity bitu- 
minous cement each batch, marked variations the mesh compo- 
sition the mineral aggregate wil! result pavement which 
too rich some spots and too lean others. the case the bitu- 
lithic type pavement, which the the mineral aggregate 
probably the highest uniformity mesh com- 
position obtained screening heated stone into separate bins 
and recombining the different sizes definite proportions weight. 

Preparing and Heating the Cement Bituminous Cement- 
ing sheet-asphalt paving work, the refined asphalt 
usually fluxed the proper with heavy residuum oil 
flux, although some cases ready prepared asphalt cement 
used. road work, bituminous the proper consistency 
and requiring fluxing almost used. should melted 
kettles, preferably sufficient capacity for the day’s run, and 
constructed that they will not tend over-heat unduly harden 
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the material. The kettles should fairly deep, rather than shallow, 
this will minimize the hardening the melted mass because 
the relatively smaller surface exposed for the evaporation the 
lighter oils. The best practice apply slow fire until the material 
the kettle thoroughly melted, and then bring the tem- 
perature desired, usually about 300° Fahr. Where the kettle capacity 
small and becomes necessary re-charge while use, the 
tendency increase the heat unduly order melt the material 
rapidly supply the demands the mixing plant. This especially 
true where relatively hard and solid bitumen being used. must 
always remembered that the bituminous materials harden when ex- 
posed long-continued high heat; and, when, for any reason, the 
material melting kettle kept heated for unusual length 
time, sufficient flux should added restore its original con- 
sistency. This well understood the asphalt paving industry, 
where the consistency each kettle asphalt cement determined 
the penetration machine before used, and brought the 
proper point from time time the addition flux. 

The average road contractor pays attention these details, 
fact, usually ignorant concerning them, and the speaker often wonders 
that his work turns out well does. 

the Hot Mineral Aggregate with Hot Asphalt Cement.— 
the sheet-asphalt paving industry, what frequently termed twin 
pug type mixer used. this there are two parallel shafts, re- 
volved suitable gearing, and attached them are blades which 
intermesh with each other and are different angles the shaft 
(somewhat the same way that propeller blades are placed), that 
they will throw the mixture from the ends and sides toward the middle. 
Some revolving-drum mixers the concrete type are provided with 
blades facilitate the mixing, and some are not. Some are heated 
from the outside and others the products combustion pass directly 
through them. The time required for mixing batch depends its 
size and the efficiency the mixer. This must determined for each 
plant, and, once determined, should adhered rigidly. case 
should the mixing process commenced until the mineral aggregate 
and the bituminous cement are the proper temperature. Assuming 
that the mixing period comparatively short, unnecessary, and 
distinct disadvantage under ordinary conditions, have the mixing 
drum heated the products combustion pass through during the 
process. The bituminous cement, when applied the mineral aggre- 
gate, coats the particles with extremely thin layer, therefore, 
this stage the operation, peculiarly susceptible hardening 
excess heat. the mineral aggregate and bituminous cement are 
heated the proper temperature the first place, the bituminous 
material will remain sufficiently liquid during the mixing process 
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coat the stone properly. either them too cold when they 
brought together, they should have remained longer the dryer 
melting tank, and, for the reason above stated, attempt should 
made during the mixing process bring them the temperature 
which they should have reached before they were mixed. 

paving mixture made with too hard asphalt cement will 
very difficult rake spread, and impossible. compress properly 
the temperatures which normal mixtures are ordinarly handled 
the street. Raising the temperature the mixture only tends 
harden still further. Mixtures containing too hard asphalt 
cement will not give proper service, they will crack cold weather 
and grind out under traffic, and not provide any margin safety 
for offsetting the hardening action time all bituminous materials. 

course, not necessary state that the proportions each 
batch should weighed measured accurately. asphalt plants 
the best type, each ingredient entering into each batch weighed 
carefully. Where measuring resorted to, this done accurately 
striking off the mineral aggregate carefully special iron measuring 
boxes, and filling the asphalt bucket until the contents reach the level 
proper measuring gauge. Contrast this with the usual road 
contractor’s method operations and one will see vast difference. 
the speaker’s opinion, not too much say that uniformly good 
results will never obtained until the methods used constructing 
bituminous roads are closely patterned after those followed the 
asphalt paving industry. 

may interesting and instructive this point 
somewhat detail just what quantities material pass through the 
three different processes previously mentioned for given yardage 
pavement. For this purpose, consider sheet-asphalt plant having 
capacity 2000 sq. yd. 2-in. wearing surface per working day 
hours. The average weight sq. yd. surface mixture in. 
thick when compressed will 200 The total weight the output, 
therefore, will 2000 200 lb. This mixture will consist 
approximately of: 


100 per cent. 


The different portions the plant, therefore, must capable 
handling the following quantities material: 


Melting tanks... 44000 tons pure bitumen, 
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The capacity the mixer plant the size under discussion 
usually rated cu. ft. This means that the batch dumped into 
contains cu. ft. sand plus the other ingredients. The average 
weight dry, hot sand about per cu. ft. accordance with 
the formula previously given, and assuming that pure asphalt cement 
being used, each batch would consist of: 


Smith. 


will take 370 batches this size turn out the required quan- 
tity surface mixture. 10-hour working day, this means 
batches per hour, one batch every 1.62 min. Not less than one full 
minute, with mixer speed from rev. per min., should 
allowed for actually mixing each batch sheet-asphalt surface mix- 
ture. This leaves total only sec. which charge the mixer 
with the various ingredients and dump the finished mixture into the 
wagons. With well-organized gang and properly working plant 
this type, only sec. are necessary, but can readily seen that 
this one the features where seconds count. The mixer capacity 
plant usually very closely, and this makes more 
than ever necessary that the capacity the melting tank and dryer 
should ample order furnish full and uninterrupted supply 
hot sand and asphalt cement, almost impossible make 
for delays the mixer. 

Having determined the formula for any piece work, and know- 
ing the time required for mixing each batch, together with the size 
the batch, one can calculate similar schedule operations for it, 
and ascertain just what kind and plant suitable for 
the work. After determining these points, contractor should never 
permitted mix and lay more pavement given time than 
called for the schedule. does, certain that some por- 
tion the work has been slighted. This should carried still further, 
necessary, determining the maximum number batches per- 
missible per hour and never permitting him exceed this en- 
deavor make hasty work afternoon what has lost 
the morning account unfavorable conditions any kind. 

stated previously, standard sheet-asphalt pavement, in. thick, 
when compressed, weighs about 200 lb. per sq. yd. surfaces 
broken stone mixtures broken stone and sand, in. thick, will. 
vary from 175 250 lb. per sq. yd. The denser the mixture and the 
greater the proportion large stone, the greater will the weight 
per square yard. 
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After the mixture has been made, delivered the road, and spread, 
necessary roll order compress it. Either two types 
rollers may used for this purpose. The tandem type generally 
used laying sheet-asphalt pavements, and the road roller type (in 
which the wheels not track) for highway work. Where the 
aggregate composed small-sized particles and requires 
finished very smooth surface, city pavements, the tandem 
type roller will produce better results and more even surface. 
Where the particles mineral aggregate are large, the type roller 
generally used road work better for the purpose. gives 
greater kneading action the large particles, and will effect better com- 
pression such surface than can obtained with tandem roller 
the same weight per inch width tread. addition this, the total 
width tread road roller less than tandem roller the 
same weight, and, gives greater pressure per square inch, 
somewhat more difficult finish the work smoothly with the road 
roller, ordinary road highway work, this not essential 
for city streets. 

oiling roadways results the formation 
bituminous surface, and would therefore come under the present 
The chief piece apparatus used this kind work 
distributing wagon for the oil bituminous material. Where 
this oil heavy that will not run freely ordinary temperatures, 
necessary provide means for heating it, either the distributing 
wagon itself the tanks from which this wagon filled. Such 
wagons are two general types: gravity distributors, and pressure 
distributors. 

The gravity distributors apply the oil the road more less uni- 
formly and film considerable thickness. This film, heavy 
oil, requires long time absorbed the roadbed, and, order 
make traffic all agreeable, necessary sprinkle gravel 
sand over the surface the oil soon has been applied, other- 
wise will tracked into houses and spattered over vehicles and 
people riding them. With distributor this type, the absorption 
the oil the roadbed accomplished entirely capillary action. 

Pressure distributors are two kinds. one the oil forced 
through small orifices the distributing pipe maintaining air 
pressure the top the tank from which the oil being drawn. 
Thus the oil forced downward slight extent into the roadway, 
but there still sticky and oily film the surface much like that 
produced the gravity distributor. large part the absorption 
the oil the roadway accomplished capillary action, and 
more less slow. treated this method, though less ob- 
jectionable than when the gravity distributor used, will still require 
the application coat screenings sand the surface. 
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the other type distributor the oil atomized the action 
the air pressure, much the same way perfume atomizers 
and oil burners. When properly designed, distributors this type 
will apply the surface the road, with considerable force, mist 
very minute oil particles which will driven downward 
high velocity the air pressure. this way the oil will driven 
considerable depth into the roadway, and the treatment may 
regulated that the surface the freshly oiled road there will 
not any objectionable quantity oil, thus obviating the necessity 
applying coat screenings. 


Assoc. Am. Soc. E.—During the summer 
1912, the speaker supervised some construction work the Service 
Test Road Philadelphia, which portable mixing plant small 
type was used. This mixer known commercially the Rapid 
Heated Mixer. 

Essentially, the machine consists four-wheeled truck, one 
end which mounted boiler and engine, and the other small 
cylindrical rotary mixer. Between the boiler and the mixer plat- 
form which the loading done. The mixing drum surrounded 
with hood, furnishing heating space about in. between the 
shell the latter and the mixer. The heat for this hood furnished 
coal fire directly under the mixer. Additional heat obtained 
from kerosene torch which may inserted within the mixing drum. 
vertical blade running spirally around the inside the drum serves 
lift the material from the bottom and carry the top the 
mixer, the latter revolves. The material then falls the bottom, 
and the same operation repeated. The discharge spout fixed 
the center the drum the rear the machine. The capacity 
the mixer cu. ft., batch about 1300 including the 
bituminous cement. 

this instance, Topeka pavement was being constructed. The 
aggregate was composed mixture sand and stone complying 
with the following specification: 


Passing 200-mesh sieve, per cent. 
“ 40- “ “ 18 to 30 “ “ 
“ 10- “ “ 95 to “ 
“ 4- “ “ 15 to 92 “ “ 
more than per cent. 


The various materials were taken from the stock piles wheel- 
barrows the loading platform and dumped into the mixer. The 
kerosene torch was then inserted within the drum, and, the mixer 
revolved, the material cascaded through the flame the torch and 
was heated temperature about 212° Fahr. When this tempera- 
ture was reached, the torch was withdrawn, and the asphalt cement, 
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which was heated about 350° Fahr., was poured in. cover was 
then placed over the opening the loading end the mixer. The 
batch was allowed mix with the asphalt for from min., the 
end which time perfect mix was secured having temperature 
250° Fahr. 

The output the machine varied, depending the dryness the 
mineral aggregate. average, from four five batches were 
mixed per hour. When the materials were warmed before being put 
the mixer, six batches per hour were mixed for hours, 
long the warm material lasted. One batch material would lay 
about sq. yd. pavement, in. thick when rolled. The pavement 
was constructed macadam foundation, and there was some loss, 
due the material being compressed into the voids the surface. 
laid concrete foundation, one batch would probably have made 
somewhat greater yardage. The manufacturers this machine 
claim output 250 sq. yd. per 10-hour day per machine. 
generally that these machines used pairs. takes 
from min. bring the material the proper temperature 
before adding the cement. only one machine used, and 
four five batches per hour are mixed, the time required for each 
batch from min., therefore, considerable time wasted 
the men working around the machine. the machines are used 
pairs, the men can kept busy practically all the time, and the 
only economical way use machines this type. The output two 
them 9-hour day would about 360 sq. yd. bituminous 
concrete which the aggregate does not form dense mixture 
the Topeka, but composed larger stone particles, the output the 
machine considerably increased. 

the cost labor per day, seven laborers being required, and 
engineer $3.50 per day, the labor cost the operation would 
about 4.8 cents per sq. yd., basis 360 sq. yd. per day. The cost 
coal, kerosene for the torch, depreciation the machine, and 
supervision, would add probably about 4.5 cents, making total cost 
9.3 cents per sq. yd. essential that the stock piles, and the 
kettle which the bituminous material heated, near the mixing 
plant, order accomplish economical work. 

The importance drying the material must not lost sight 
using machines this type, and this part the operation takes 
the greater part the time. Some means heating and drying the 
materials must used before putting them into the mixer. the 
Philadelphia work wood fires were built pipes placed under the 
stock piles. This preliminary heating helped considerably, but the 
materials were not covered with tarpaulins night slight rain would 
dampen them such extent that the mixing would seriously 
delayed. With mixers this type there not the slightest danger 
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overheating the materials, provided the batches are discharged when 
they reach the proper temperature; but they are left the mixer 
too long they will become overheated. 

This machine also adaptable for mixing cement concrete. When 
used for this purpose, swinging trough fixed under the discharge 
spout. The mixed concrete falls from the spout into the trough, 
which has such pitch that the concrete runs down the end and 
falls the road. the trough ft. long and may swung 
through are 180°, width about ft. surface can 
covered with concrete one passage the machine, without wheeling 
any the concrete. 

The speaker thinks plant this type good one for jobs, 
for repair work, where small plant cost desired. These machines 
cost about 200 each. 


rapid mixer was used during October 
and November for mixing 14-in. stone with asphalt cement. 
average, 350 yd. per day were mixed. Instead using cu. ft. 
the batch, about cu. ft. were used, the mixer being loaded full. 
The stone was bone dry. With battery two machines, capacity 
700 cu. yd. per day should secured. The labor charge for one 
machine was about cents per cu. yd. 


Jun. Am. Soc. E.—During the season 1912, 
the speaker was connected with the construction about miles 
bituminous concrete pavement. This work was done one the 
New England States, which, having had the usual experimental sec- 
tions under test for the past years, decided use cold-mixed bitu- 
minous concrete for both resurfacing and new work. 

Refined coal-tar was used binder, this material being shipped 
tank cars the nearest railway station, where was steam-heated 
and barreled the contractor. 

During the height the season, eighteen mechanical mixers were 
operation, laying daily total 3000 ft. 14-ft. road surface, 
in. thick. 

The type mixer generally used was one manufactured the 
Municipal Engineering and Contracting Company. similar 
the 4-yd. cube batch cement concrete mixer, and has oil torch 
heating device for use when bituminous concrete mixed. The 
machine mounted four wheels for transportation. consists 
revolving iron box, mounted its diagonal axis, and driven with 
direct gearing the steam engine mounted the same frame. The 
mixed material discharged tipping the cube, and the mixing 
chamber loaded with sliding skip operated small cable hoist. 

air compressor for supplying the oil torch belted the engine. 
Common fuel oil under air pressure forms blast the center the 
mixing chamber sufficient dry the mineral aggregate and expedite the- 


4 


DISCUSSION 181 


ROAD CONSTRUCTION AND MAINTENANCE 


the blast was not necessary throughout the day’s work. 

The plants were operated two ways: either portable plant 
moving along the road each day, stationary unit the stone 

The first method was followed where the work consisted scarify- 
ing the old macadam and adding new 2-in. bituminous concrete sur- 
face. Set-ups were made the intervals covered day, usually 
about 200 ft. 12-ft. dumping board was used under the loading 
skip, which dump the broken stone hauled from the railroad 
siding stone crusher. The mixer was placed planks the center 
the road, being hauled ahead the steam roller the end 
the day. 

Two portable kettles provided sufficient hot bituminous 
material. The proper quantity for batch was measured out hand 
and carried buckets from the side the road the loading chute. 
Six iron barrows, well oiled prevent the coated stone from sticking, 
were used carrying the hot mixture the road, where was raked 
out the required depth. 

One roller was able prepare the old macadam and roll the mix- 
ture delivered each day. When the mixer was used permanent 
unit the stone-crushing plant, the mixer platform was built the 
same elevation the bottom the stone bins, and from the latter the 
stone could discharged directly the loading skip. allow the 
uncoated stone for the foundation course fall gravity into 
wagons, was necessary leave intervening space ft. 
between the stone bins and the mixer platform. some cases, how- 
ever, the mixer was placed the other side the bins, and then 
extra chute was built feed into the loading skip. 

Many the mixers ran three yd. batches from 
min. yd. bottom-dump wagon was placed receive these 
three batches, and then hauled the road, 2-mile haul often being 
economical. There was chilling the mixture. larger kettle 
was used the stationary plants than the resurfacing work. The 
buckets hot bituminous material were handed from the ground 
the kettleman the man the raised mixer platform, and emptied 
them into the mixer chute. 

One engineer, one helper, one loading man, and one kettleman were 
required for the mixer when operation. The broken stone was 
not touched hand raked out the road. 

The cost the plant was: 


Small and lumber............. 100 


work during cold weather. the specification called for cold mix, 
e. 
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Practically 600 sq. yd. were turned out per day per plant. 
country roads, where cold-mix bituminous concrete specified, such 
equipment may considered very satisfactory. 


unquestionably uniformity. This applies all the different methods 
construction, surfacing, penetration, and mixing. 

Irrespective the method, cost, kind equipment, there are 
fundamental requirements which must not ignored, lasting 
qualities the paving are expected. These can only obtained 
the proper use appliances designed and built those who are 
thoroughly familiar with the materials and the methods construction. 

view the fact that the cost the product the equipment 
inverse ratio the volume the output, economical production 
only obtained having output large that the overhead 
cost does not assume undue proportion. 

Cold Surface Treatment.—Bituminous materials can properly 
and economically applied cold from tank wagon drawn motor 
horse. should have, across the rear, distributor adjustable width 
from ft., thus avoiding the application narrow strips. The 
distributor proper should have small openings spraying nozzles 
short intervals for the entire length, arranged that they will en- 
tirely cover the desired width roadway, and not apply the material 
strips. 

Unquestionably, the most difficult factor control the uniform 
distribution the necessary quantity bituminous material per square 
yard. This can accomplished keeping uniform air steam 
pressure the tank, pump connected between the tank and 
the distributor proper. Unsatisfactory results are obtained with either 
these methods the speed the wagon the motor varies. This 
objection, however, can overcome using specially designed 
pump connected with the running gear the wagon truck, 
drawing the tank wagon steam roller uniform speed. Any 
these distributors should capable distributing evenly from 
gal. per sq. yd. 

Gravity distributors any kind have the disadvantage being 
able handle only the light gravity oil; the quantity distributed also 
gradually decreases the tank empties. 

Hot Surfacing and Penetration the pressure dis- 
tributors are equipped with interior steam coils, and sufficient steam 
supplied keep the bituminous material uniform temperature 
about 280° Fahr., they are capable distributing the heavier grades 
for either the hot surfacing the penetration methods construction. 

The equipment generally used the penetration method has been 
portable semi-portable melting kettles, having capacities ranging 
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from 500 and hand-distributing pots. This method heat- 


ing and applying expensive and the results obtained are invariably 


crude, The material often too cold, and, some cases, 
overheated quite apparent that when pouring 
pot used, the distribution the hot material depends en- 
tirely the Even with the utmost care, non-uniformity 
shows the finished roadway. excess bituminous material 
will collect spots and hold any kind stone dirt, even after the 
completion the roadway. This causes uneven surface which 
very objectionable. 

The arrangement and equipment for penetration work most 
satisfactory when the contractor receives the bituminous material 
the nearest siding, 6000, 8000, 12000-gal. tank cars, 
equipped with steam coils. 20-h.p. boiler may attached 
the steam coils the tank car and thus heat the material the 
desired temperature. this arrangement provided the railroad 
siding, the hot material may run gravity into the distributing 
wagons. this not practicable, the material may pumped from 
the car the wagons. horse-drawn distributing wagon may 
hauled from the railroad the work and then may attached 
steam roller. 

Bituminous material received barrels costs the contractor 
additional sum least cents per gal. for each barrel and also the 
freight the barrels, which about 15% the gross weight. 
Besides, has more melting kettles and very 
large bill for heat them. 

20-h.p. boiler and 600-gal. distributing wagon will cost about 
and, with average haul from the railroad siding, should cover 
800 sq. yd. per hoyr. Two 400-gal. melting $400 each, and 
dozen buckets pouring pots will cost $850, and will not 
cover one-half great yardage. inferior construc- 
tion exorbitant cost, the proper equipment not used. 

Should the extent the work not warrant the purchase such 
plant, there should secured strong, well-built 500-gal. melting wagon 
and hand distributor, having capacity least gal., mounted 
wheels, and having regulating distributor least in. wide. 
distributor this kind costs $65, and should pour 250 sq. yd. per hour, 
using gal. the initial pouring and gal. the flush coat. The 
use pouring pots should avoided possible. 

Mizing the manufacture bituminous mixtures 
any kind, uniformity the principal factor. This applies, not only 
proper proportions each different ingredient used, but the tempera- 
tures which they are heated and mixed. 

The aggregate, composed stone, sand, and inorganic 
dust, must heated uniformly the proper temperature, and 
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such way prevent segregation the larger from the smaller 
particles. This serious matter when different proportions two 
more sizes are used. The aggregates are usually heated cylinder 
dryer, with external heat. The heat then drawn through the interior, 
the different sizes, the proper proportions, being fed continually 
through the hot cylinder. batch heater and mixer used, the 
proper proportions are measured weighed before being placed 
the mixer. 

The kettles must have sufficient capacity provide the quantity 
bituminous material required coat the mineral aggregate 
heated the dryer. The heat should uniform and not great 
that will “burn,” harden any portion the material. The melted 
material should agitated slowly compressed air. This especially 
necessary where two kinds are used obtain the proper consistency. 
The melting kettles should protected from the rain, water not 
only damages the bituminous material, but causes foam and run 
over the sides the kettle, some cases causing serious fires. 

The quantity hot material for each mix batch should 
measured weighed accurately, and not mixed with the mineral aggre- 
gate until the stone sand the proper temperature. 

The hot mineral aggregate and the hot bituminous material should 
mixed quickly and uniformly, with little loss heat possible. 
The resulting homogeneous mixture should spread quickly and 
evenly with strong iron-shank rakes and thoroughly rolled solid 
foundation. 

portable batch mixer, having interior flame the drum, 
used mix the heated mineral aggregate with the bituminous 
material, the heat must cut off before the latter placed the 
mixer, otherwise the excessive heat will damage it. Any method 
mixing which allows the bituminous mixtures come contact with 
the flame heat excess 500° Fahr., only for short time, 
will convert the bituminous material from adhesive and malleable 
consistency hard and brittle one, entirely unsuited for paving. 

receive their ultimate compression, mixtures similar bitu- 
minous macadam and bituminous concrete, having large percentage 
stone, should have their final rolling with 3-wheel roller weighing 
least tons. 5-ton tandem roller used for the initial rolling, 
more uniform surface will obtained the finished paving. The 
same method rolling should used for sheet asphalt, but both the 
rollers should the tandem type and weigh and tons, 
respectively. 

These fundamental principles must adhered to, order obtain 
uniform and lasting paving, irrespective the method and equip- 
ment used. 
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The cost and mixing plants depends principally their 
capacity and care and material used their construction. 
small portable heater and mixer, similar concrete mixer, 
and capable and mixing about tons per hour 
temperature Fahr., costs $1500. this class are only 
capable stone which larger than in. the bituminous 
material placed these mixers hot, 500-gal. melting kettle 
required. 

For close mixtures, stationary, semi-portable, 
road plants are 

plants, comprising the heating drum, mixer, melting 
tank, cost 500, exclusive any building, and have capacity 
about sq. yd., tons, sheet-asphalt mixture per hour. 

The improved railroad plants, which cost about $12 000, are capable 
heating and mixing sufficient asphalt and sand temperature 325° 
Fahr., lay 175 sq. yd., 174 tons, sheet asphalt mixture per hour. 

The modern duplex stationary plant, which the large dryers, 
15-cu. ft. mixers, conveyors, etc., are operated with independent motors, 
cost about including steel building. These plants have 
500 sq. yd., tons, sheet-asphalt mixture per hour. 

mixtures stone are laid lower temperature and require 
less bituminous material than sheet asphalt, the capacity plants 
increases about 18% when heating and mixing for paving this class. 

buying bituminous mixing plant any kind, the contractor 
municipality should receive bids only from companies which have 
had considerable experience the manufacture such machinery. 
should required that the plant erected and operated under the 
direct supervision the builder until has met the guaranteed 
requirements. The guaranty should for certain number pounds 
properly heated paving mixture specified temperature, per day 
hours, and certain number square yards. all dense 
bituminous when compressed in., weigh very nearly 
200 Ib. per sq. this portion the guaranty can easily changed 
from square something which definite and easily ascertained. 
The contract also state the maximum quantity fuel 
consumed h@rs, and last, but not least, the date when the finished 
plant will erected, tested, and ready run the 
guaranteed 


equipment which has not been given proper consideration, and that 
storage plants for road oil. 

Equipment acquired improved because the increased 
ciency saving cost accomplished its use. was thoroughly 
understood that for the temporary storage road oils, 


Mr. 
God win. 


Mr. 
Kershaw. 


Mr. 
Kershaw. 


186 DISCUSSION: ROAD CONSTRUCTION AND MAINTENANCE 


tars, and asphalts would earn satisfactory return the invest- 
ment, interest this branch road work would increased. 

has been the custom the past, when buying light oil, heavy 
binding oil, tar, asphalt, order one more tank-cars, and then 
hold the cars until the material has been used. With the exception 
one two companies, charge per day for demurrage cars has 
been made for the use this equipment. charge per day 
collected the railroads all cases, but, course, none this goes 
the owner the cars. The economic loss resulting from holding 
tank-cars out service has been considered fall the shipper, but 
the final analysis apparent that the price the oil must cover 
the loss. Just what this loss service for single tank-car amounts 
can better understood when the following figures are considered. 

present, the leasing value tank-car about $1.25 per day; 
that is, the seller either pays that amount the form lease or, 
owns the equipment, can, turn, lease some one else for 
that figure. This $1.25 per day practically covers the maintenance 
and depreciation the car, and does not include earning the 
equipment which its owner justified expecting. 
Table which gives the time consumed delivering full carload 
gal.), the same car, cities with and without equipment, 
shows the injustice allowing the same tank-car charge apply for 
all deliveries. 

Table gives actual record several cars which were the 
road-oil service the East during 1912, but for convenience the cost 
figures are based leasing value per day. considering 
this record, must borne mind that the producer seller 
carrying his tank-car equipment for months the year, and during 
the road season (from months), using the cars the limit 
their capacity. For the remainder the year has nothing for 
them turning them into some branch the service which 
does not bring him adequate return for their use. 

From this table will noted also that car can shipped 
town city having equipment, and make round trip from 
days, actual cost from $12 $25, delivering that 
time full load 8000 gal. When the tank-car charge business 
this class added the base price, makes possible lower quota- 
tion than can given deliveries made points without equipment, 
where the car gone from 100 days, delivering the same quan- 
tity oil. The shippers are ready make lower quotations cities 
equipped with storage plants, than can made points where their 
cars are delayed. 

The fact that the installation this equipment results mate- 
has been recognized several the large users road oil, 
witnessed the following examples. 
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District Columbia.—The District Columbia has erected 
000-gal. and one 000-gal. road-oil tanks, these tanks being situated 
various points throughout the District convenient for distribution. 
Three the tanks are the Property Yard the District Colum- 
bia, 12th and Streets, Northeast, siding the Baltimore and 
Ohio Railroad. Fig. shows only the 000-gal. tank this particu- 
lar group. There are two tanks directly under the railroad 
trestle. All these tanks are fitted with steam coils. Between the two 
000-gal. tanks, and extending out under the end the railroad 
ties, there mixing box, containing mixing pug, and there are 
both water and oil inlet pipes, for the manufacture emulsified 


road oil. TANK-CARS. 
Sow ace ss 
Consignee : Number Sou 
017060 (City (with). @....... 5/ 1/12 | 5/ 9/12 8 000 0 8 $8 1 000 
017060 |Town 5/ 9/12 | 5/27/12 8 000 0 18 18 444 
017060 |City a en /29/12 | 6/20/12 8 000 2 22 22 363 
017060 |City (with). He...... 7/22/12 8 000 *21 11 ll 
017060 |City ‘“* .Gm...... | 7/80/12 8 000 0 8 8 1000 
014480 (City (withov@’...... 4/15/12 | 5/ 3/12 & 000 0 18 18 444 
014480 (City 6/11/12'| 7/ 6/12 8 000 +37 25 320 
014480 |C 7/16/12 /%A/12 8 000 0 8 8 1000 
014480 |City (withov®)...... 8/ 8/12 | 8/16/12 8 000 9 13 13 615 
011150 (City (withou 4/11/12 | 4/27/12 8 000 0 15 15 533 
011150 |City 4/2/12 | 5/81/12 8 000 0 34 34 235 
011150 |City 5/81/12 | 7/ 2/12 8 000 0 31 31 258 
011150 (State oe oe 7/ 8/12 8/ 8/12 8 000 1 85 35 228 
011150 (City (with).... »-| 8/12/12 8/26/12 8 000 4 13 13 616 
011150 |City “  .......... 8/81/12 | 9/ 9/12 8 000 5 9 9 888 
014680 |City (without)...... 5/ 4/12 | 5/27/12 8 000 0 22 22 363 
014680 |City Meese 5/81/12 | 6/20/12 8 000 4 20 20 400 
014680 (City (with) ......... 7/10/12 7/20/12 8 000 *20 9 9 888 
14680 |Town (without...... 7/2/12 | 9/16/12 8 000 3 54 54 148 
013600 |City (with).......... | 5/27/12 | 6/ 4/12 8 000 0 7 7 1148 
013600 |Cit 6/ 7/12 | 6/13/12 8 000 3 5 5 1 600 
013600 {Ci 6/13/12 6/20/12 8 000 0 6 6 1 333 
013600 |State (without)..... 7/ 8/12 | 8/14/12 8 000 18 42 42 190 
014600 |City (without)...... 4/9/12 | 5/ 4/12 8 000 0 25 25 320 
014600 |Town er 5/ 4/12 | 6/ 3/12 8 000 0 30 30 267 
014600 |Town 6/18/12 | 7/ 9/12 8 000 *15 21 21 8380 
014600 [City (with). ......... 7/9/12) 7/22/12 8 000 0 18 13 615 
019260 |Town (wit) out)..... 6/25/12 | 7/11/12 8 000 0 16 16 500 
019260 (State wa. | 7/11/12 | 10/18/12 8 000 0 100 100 80 


*Car made trip with material other than road 
For repairs. 


There 000-gal. tank each the following outlying 
points: Md., Deanwood, Uniontown, and Tacoma Park, 
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Fig. the tank Tacoma Park, shows the type 
equipment the several suburban districts mentioned. All the tanks 
have heating coils, and the average cost the tanks 
place, complete, including coils and erection charges, was $600. 

Springfield, Mass.—The storage equipment Springfield, Mass. 
(Fig. 3), consists two 000-gal. tanks, carried concrete footings. 
These tanks are arranged that there fall ft. from the bottom 
the tank-car, stands the trestle, the top the receiving 
tank, and fall ft. from the bottom the receiving tank the 
top the distributing wagon. tank cost $344, Spring- 
field, Mass., and the cost installation, including piping, was $812, 
making the total cost $1500. These are single-compartment tanks, 
and have heating coils, 

Borough The New York City.—This Borough bought four 
tanks, formerly used railroad tank-cars, and assembled 
them wooden trestles, arranging the piping that the oil could 
run into any tank desired. This was accomplished placing con- 
tinuous main oil line with shut-off valve each tank connection. 
Figs. and show the arrangement the tanks and piping. 

These four tanks cost $950, New York. construction 
the wood trestles and the concrete foundations carrying them, 
together with the erection the tanks and the piping, cost 
$750. The cost painting the tanks and pipes was $70, making the 
total cost for the complete equipment. The difference ele- 
vation between the railroad track and the bottom the pit makes 
possible fill the storage tanks and, turn, load the tank-wagons 
from storage gravity. These tanks are 202d Street and Webster 
Avenue, siding the New York Central Railroad 

Greenwich, Town Greenwich, Conn., has 
compartment tank 000-gal. capacity, one being fitted 
with steam coils. Fig. shows the arrangements the tank, which 
the side railroad fill, thus allowing enough fall transfer 
the oil from the tank-car the storage tank, and from storage the 
distributor, gravity. The cost this installation was rather high, 
owing the number abutments required carry 
line from the tank-car the tank and from the tank the driveway. 
The cost was follows: 


| 
Total 794.96 


Fig. 1.—15 000-GaL. SToRAGE TANK, 12TH AND N STREETS, WASHINGTON, D. C. : 


Fic. 4.—-ARRANGEMENT OF TANKS. Fic. 5.—ARRANGEMENT OF PIPING. 


? 


MUNICIPAL OIL STORAGE TANKS, BUREAU OF HIGHWAYS, BOROUGH OF THE BRONX. 


Fic. 4.—-ARRANGEMENT OF TANKS. Fic. 5.—ARRANGEMENT OF PIPING. 


Fic. 6:—SToRAGE TANK FOR ROAD OIL, AT GREENWICH, CONN. 


Fic, 7.—STORAGE TANK FOR OIL AND ASPHALT, ERECTED AT BOUND BROOK, N. J., 
BY THE GENERAL CRUSHED STONE COMPANY 


ROAD CONSTRUCTION AND MAINTENANCE 195 


Amies Road Amies Road Company has erected 
seven tanks the type recommended, Glen Mills and 
Rock Hill, Pa., Bound Brook, Millington, Great Notch, Springfield, 
and Fig. shows the tank Bound Brook, 

Recommended Type capacity tank-cars the 
road-oil service varies from 4000 12000 gal., hence tank ft. 
diameter and ft. long, with approximate capacity 
gal. 


SIDE ELEVATION 


“Grade Li 


3 End Suppq 


STEEL SUPPORT FOR 30-FOOT TANK 
RECOMMENDED TYPE STORAGE PLANT 
% 


, 
2193: 32% 


Grade Line to GL, 
Middle Support 


PLAN 
HEATING COIL FOR 30-FOOT TANK 
RECOMMENDED TYPE STORAGE PLANT 
Fic. 9. 

Fig. shows steel supports for the tank, which are recommended 
less expensive than concrete and equally efficient. Fig. shows 
the piping arranged that can put into the tank through the 
dome after erection, and then connected with series unions. 
every case the tanks should equipped with steam coils, thus mak- 
ing possible handle any the heavier grades binding oils, 
tars, asphalts, well light road oils. The cost these coils 
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nominal, and these plants are usually constructed the city yard, 
where steam plant operation where steam roller can 
quickly connected, profitable investment put the coils 
when the tanks are erected, even though the possibility using them 
for anything but light oil cannot foreseen. Experience has proven 
the merit the following suggestions: 

The tank should placed give minimum fall in. 
ft. toward the outlet end. 

The outlet should placed near possible one end the 
tank. 

important that the arrangement steam coils the tank 
should such that coil placed immediately above around the 
opening the outlet pipe, thus preventing any possibility the out- 
let becoming blocked the collection cold, solid material. 

The steam coils should placed cradle low possible 
the tank. maximum distance in. between the bottom the 
steam coil and the bottom the tank recommended. 

When there possibility using the storage tank for the 
handling heavy materials late the year, that 
the outside piping steam-jacketed. 


number advantages accrue from the erection storage tanks, 
such the removing all incentive apply oil when the climatic 
conditions the condition the road surface are not favorable, and 
the possibility altering the character the oil suit special con- 
ditions. The main reason, however, for investing equipment 
this kind the fact that highly profitable und will earn large 
return the investment. 

The city equipped with storage tanks immediately one 
the most desirable customers, and can obtain lower prices than cities 
not thus equipped. the past has not been unusual for towns using 
from 100000 200000 gal. oil pay the railroad company more 
than $1000 per year the form demurrage, and quotations have 
been made favor the towns equipped with storage, which net 
saving from mills per gal. 


Assoc. Am. Soc. E.—The speaker wishes 
present few notes the practical operation some motor 
sprinkling trucks during 1912. These trucks were used applying 
bituminous material what might termed surface penetration 
treatment. other words, the endeavor was get the material 
penetrate the upper in. in. the macadam surface, rather than 
build blanket top it. 

order secure this penetration, essential that the surface 
the road cleaned very carefully and the larger stones composing 
the wearing course exposed. Even with the most careful sweeping, 
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was difficult secure surface sufficiently free from dust allow 
the uniform application the bituminous material from gravity 
wagons, the material being apparently repelled the microscopic layer 
dust the stone surface. was evident, therefore, that some form 
distributor was required from which the material would forced under 
sufficient pressure directly into contact with the stone, that the 
dust covering would brushed one side. 

machine English type, manufactured Tar Roads, Limited, 
London, was purchased. was provided with pump geared the 
wheels, and means the reducing valve enabled sufficient pressure 
kept the spray lines, that with little care driving the 
horses, quite successful results were obtained, but the weight and the 
small capacity the tank precluded the use such apparatus where 
there were long hauls from the tank-cars. 

With haul not more than mile, the horse-drawn type ma- 
chine seems work quite economically, but for haul more than 
question. 

Two 5-ton chassis, provided with 900-gal. tanks, were equipped with 
rotary pumps geared the transmission, through dog clutch, 
that they could operated when the truck was motion 
rest. including pressure-reducing valve and using speedometer, 
was possible secure very uniform rate distribution. 

The quantity material delivered per square yard depends the 
pressure and viscosity the material, and this, turn, the tempera- 
ture, that increasing the pressure running the truck more 
slowly the morning, during cold weather, possible for the 
driver, after little practice, gauge very accurately the quantity 
delivering. The pressure can varied from 200 per sq. in., 
and take care any ordinary change the viscosity, due 
temperature. 

The great difficulty experienced distributing the material uni- 
formly mainly hilly countries. The ordinary motor truck has 
not enough power climb the various grades the same speed, 
that necessary change the gear frequently, climb hill 
very low gear, which results loss time. This re- 
quires the driver some rapid changing the relief valves which 
control the pressure, and considerable experience necessary adjust 
the pressure and speed accurately and economically. appears that 
not less than h.p. would required climb average hills the 
East. 

Apparently, the larger the truck (and, therefore, the load), the more 
efficient is, but, when operating country districts, this limited 
the fact that the average township bridge will not carry more than 
tons. For operation only the city, districts where there 
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improved bridge construction, there seems reason why 
64- 8-ton truck might not practicable, but tons seems 
all that can used the country. 

Another difficulty due the wheel base the truck. many 
country roads the shoulders will not bear the concentrated load the 
rear wheels, that frequently necessary run long distances 
before reaching suitable point turn the truck. From ft. 
seems the wheel base handled most economically average roads. 

operating trucks the maximum capacity, the greatest 
culty due the fact that the road not always covered should 
with light coating sand chips gravel after the application 
the material, order prevent from picking under traffic. 
working from one point another, throughout the country dis- 
tricts, especially about harvest time, seems impossible, 
least very difficult, secure sufficient labor apply the covering 
fast the machine will apply the material. great majority 
the limiting factor for the truck day’s work the ability 
the laborers cover the material. 

The use mechanical sand distributors would probably economi- 
cal where the haul short, but where from miles long, 
would seem that they are quite out the question, and that the most 
economical method have the covering material spaced properly 
along the roadside piles, about ft. apart, and then hire gang 
from men and carry them from place place with the 
truck the spreading. this way from miles 14-ft. 
road can treated daily, applying gal. binder, and from 
lb. covering per sq. yd. 


Am. Soc. E.—The first pressure-distributing 
machine brought into Massachusetts the Highway Commission was 
not, has been stated, one which air pressure was pumped over 
the tar, thereby forcing out the tar and oil. The air pressure was not 
pumped directly into the tank-wagon. The bituminous material was 
pumped out the tank, and there was air chamber attached 
the pump regulate the flow. The Aitken machine (the one referred 
to) gave fairly good results, but was cumbersome. held from 1000 
1200 gal., weighed tons when loaded, and was mounted rather 
small wheels. Much difficulty was experienced getting over un- 
improved roads going and from the State roads, and many 
such roads cut into the soil deeply that two steam rollers were 
required pull through the bad places. 

overcome these difficulties the speaker devised apparatus con- 
sisting steam pump mounted separate carriage and fastened 
behind ordinary tank-wagon; was quickly detached from empty 
wagon, and re-attached full one. The bituminous material was 
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pumped from the tank-wagon and into the road Mr. 


not less than lb. per sq. in. The working principle the ma- 
chine duplex steam pump with liberal air chamber; and, 
insure practically constant pressure, release valve set that when 
the pressure exceeds the material forced through by- 
pass back into the suction. The quantity material applied per given 
area regulated principally the rate the wagon travels over the 
road. There speedometer, but the foreman, the aid his 
watch and counting the revolutions the wheels, determines how 
fast the machine should travel. That method seems crude, but 
has given very good results. difficult calibrate such ma- 
chine, because many factors enter the problem, namely, tempera- 
ture, viscosity, and kind material, and such items vary widely 
that set rules can made, and much must left the man 
the job. 

The method doing the work follows: The bituminous ma- 
terial shipped the most available railroad siding tank-cars. 
the material heavy that requires heating before can 
used, the tank-cars are equipped with steam coils, and portable steam 
boiler set and connected them for heating. the bituminous 
material tar oil about 90% so-called content,” the 
material can pumped from the top the tank about hours 
after steam has been turned on. steam pump attached the boiler 
used for this work, and piped that the bituminous material 
pumped from the top and returned the bottom the car, thus 
and overcoming any tendency stratification. When 
the bituminous material has attained the proper temperature, 
pumped into tank-wagons holding about 700 gal., which are also 
equipped with steam coils for re-heating necessary, and hauled with 
horses traction engine the work. These wagons, which weigh 
when empty about 3000 can, when loaded, easily pulled 
single pair horses any ordinary road. The wagons are often 
jolted over rough surfaces roads under construction, hence has 
been found difficult keep tight joints the ordinary steam coil. 
This trouble has been obviated using special form coil, con- 
structed that there are joints within the tank. The coils are 
fastened securely, and leaks can occur. 

When the wagon arrives its destination, the horses are unhitched, 
the wagon coupled the steam roller, the sprayer then attached 
behind the wagon, steam connections are made the roller, which then 
pulls the combination over the road and furnishes steam drive 
the pump the sprayer. The contents the wagon can applied 
the road absolutely uniform coating min. When the 
wagon empty, replaced full one, and the process continues 
while the empty tank returned for refilling. Several tank-wagons 
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are used, and, with such equipment, mile road per day has been 
treated with coating gal. per sq. yd., and covered with pea stone 
gravel. Much more could done the grit covering could 
handled better advantage. Heating, hauling miles), and apply- 
ing the bituminous material this method has been done cost 
cents per gal. 
Motor wagons are economical for long hauls from central plants, 
but, haul miles, they cost more operate than the 
horse-drawn tank-wagon. 


Artuur Am. Soc. E.—The selection plant 
equipment for the construction and maintenance bituminous surfaces 
and bituminous pavements, which will economically suitable 
methods and materials for local requirements each case, the key- 
note successful work this field highway engineering. 

review the various mixing machines, mechanical distributors, 
and plant accessories, and consideration the many kinds min- 
eral aggregates and types and grades bituminous materials used 
the construction bituminous concrete and bituminous macadam 
pavements, demonstrate that the construction engineer and contractor 
should have thorough knowledge the limitations each type 
machine the market. lesser degree, the same remarks apply 
the selection plant equipment for the construction and mainte- 
nance bituminous surfaces. 

bituminous concrete pavements are divided into three classes, 
depending the character the mineral aggregate, that is, first, those 
composed so-called, one-size, crusher-run stone, second, those com- 
posed combinations stone and sand, and, third, those composed 
graded sizes broken stone broken stone and sand, will 
seen once that some machines the market are adaptable for only 
one class pavement, and others may used for the construction 
all classes, although, certain instances, the overhead charges con- 
nected with their operation may not render them economical. Further- 
more, when the large variety solid and semi-solid bituminous cements 
which may used for the construction bituminous pavements, 
considered, evident that the methods applying these materials 
may make possible use certain machines and bar others. Such 
details the heating the mineral aggregate may also controlling 
factor the selection mixing machines. 

the case mechanical distributors, the quantity material 
required applied per square yard and the type and grade the 
bituminous material essentially affect the selection. well known 
that, with many distributors the market, impossible distribute 
certain materials which may used satisfactorily for surface coat, 
and, with others, found impracticable distribute the small quan- 
tities required some methods construction and maintenance. 
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Unfortunately, sufficient investigations have not been conducted 
manufacturers mixing machines mechanical distributors 
enable them supply all the necessary information prospective 
purchasers when definite requirements are submitted them. 
result, there are many cases purchases machinery unsuitable for 
the work hand and unsatisfactory results construction and 
maintenance accruing therefrom. 


Howarp, object spraying get the material 
down into the surface layer before becomes chilled. That 
mechanical problem. when cool are stiff and brittle, hence 
with their products essential get them quickly, while they 
are liquid and warm. Anything applied the gravity method likely 
chill and set top. Almost all asphaltic oils retain fluidity 
viscosity, even when cool; therefore, the gravity system often works 
well with them. 

High pressures bituminous products cause the air enter the 
products and stiffen them seriously so-called oxidation. the 
pressure system, care must taken that the pressure not high 
that will force air into through the mass warmed-up, liquid, 
bituminous substances, this permanently stiffens oxidizes them. 


speaker believes that better work 
can done some form pressure distributor than gravity 
distribution. depends, however, the kind material used. 
Some materials work much better with pressure distribution than 
others account being more easily liquefied. With certain 
kinds asphalt would almost impossible, the present state 
the art, for contractor use pressure distributor. 

Boston number trucks have been fitted with Kinney 
rotary pumps which deliver the tar the spreaders pressure 
about per sq. in. They, however, are better adapted 
seal coats and surface treatment than penetration work where 
large quantity per yard called for the first coat. has been 
the practice use the same pressure the first penetration coat, that 
is, putting about gal. tar materials one coat, but using 
steam pressure the tank and hand hose and spraying nozzle for 
the distribution. hose the hands good workman produces 
very good results. absolutely essential have good man 
the end the nozzle, unequal distribution will result. The seal 
coat may applied advantage pressure spreaders spraying gal. 
per sq. yd. 

The truck also used surface coatings, both with hot and cold 
materials, with excellent results. Auto trucks are well adapted for 
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central plant distribution, and can cover territory within radius 
about miles. The material can kept hot for this distance 
without any difficulty. 


Prevost Assoc. Am. Soc. E.—The thermometer 
recognized important part the necessary equipment for plant 
control. rather surprising, however, note the number in- 
stances where, the construction bituminous surfaces and bitu- 
minous pavements, the bituminous material heated small kettles 
and attention paid the temperature the tar, oil, asphalt 
used. Many contractors and engineers beginning their work start 
with thermometers part their equipment, but, rule, they 
are soon broken. work, however, often continued without 
any further attempt keep temperature records. 

The common laboratory thermometer not satisfactory for obtain- 
ing the temperature large quantities bituminous material heated 
kettles. advisable, not necessary, when obtaining kettle 
temperatures use larger thermometer, preferably one which can 
attached the sides the kettle and will indicate all 
times the temperature the bituminous material the kettle. 
Such thermometers can purchased reasonable prices, and have 
large scales which can read distance, that the kettle man 
may see all times what temperature maintaining. For deter- 
mining the temperature heated mineral aggregate, the average ther- 
mometer practically useless. continuously thrust into and 
withdrawn from hot bituminous mixes, will eventually crack and 
break, due sudden 

thermometer has been designed recently which preferable 
any other that has come the speaker’s notice. made electro- 
plating the lower in. the tube and bulb glass thermometer 
with heavy deposit copper, which protects the glass from abra- 
sion, but allows quick and accurate temperature registration. The 
thermometer has sharp pointed bulb, and made heavy glass. 
reads, from 50° 500° 600° Fahr. thermometer now 
manufactured the Taylor Instrument Company, after design 
Mr. Hargrove, Inspector Asphalts and Cements, the Dis- 
trict Columbia. 
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PHYSICAL VALUATION RAILROADS.* 


Discussion Messrs. Maurice Parsons, Frank 


The Herculean task valuing the railroads the United States 
vital importance the entire nation, whether viewed from the 
standpoint rate regulation its possible outcome, government own- 
ership. vastness the interests involved and the effect that the 
result may have social conditions, make imperative the adoption 
the outset underlying principles and methods which will appeal 


the public and the Courts being fair and equitable. 


with the object promoting discussion that will aid 
those burdened with the accomplishment this task that the writer 
ventures advance certain opinions which are the fruit his experi- 


ence the valuation field. 


* Presented at the meeting of October Ist, 1913. 


— 
2 
| 3 
| 


204 PHYSICAL VALUATION 


There are several ways determining physical value, depending 
largely the purpose for which the result used. 

Sale taxation matters, the sale value method has been 
used, right way and real estate being taken their assessed valua- 
tion, and other items their depreciated second-hand value, with- 
out the inclusion overhead and development costs. 

New Jersey this method was adopted compliance with the 
general tax law the State, the expert charge the valuation 
stating his report follows: 

“Since the real estate and personal property are inventoried 
and appraised separately from the franchise, seems manifest that 
our duty consider all the thousands parts and items 
the property owned each the several railroads, entirely apart 


from their value considered the composite whole cemented to- 
gether the charter franchise.” 


referring the fixing land values, says: 


“We have the right assume, however, that since the several 
assessors are elected selected the taxpayers their respective 
communities, they must have had sufficient experience land values 
entitle them assess the property their respective districts, and 
that, therefore, they are the best available source information con- 
cerning the going price ‘true value’ the land their districts; 
and, since the several taxing districts are content accept the opinions 
these assessors the ‘true value’ the property individuals, 
corporations (excepting railroad corporations) and firms, should 
give considerable weight the opinions the several local assessors 
when considering the ‘true value’ land.” 


Also: 


“No per cent. has been added the value lands excess the 
value exchange for money, near such value can determined 
the exchange price lands adjoining the lands the railroad 
each particular taxing district, and each particular point where such 
lands adjoin railroad lands.” 


While the New Jersey procedure was proper under the conditions 
there prevailing, yielded results entirely variance with those 
obtained other States where different theories have guided the 
appraisals. 

Certainly, the sales value principle treating the component parts 
property uncorrelated items, prices that they would bring 


| 


PHYSICAL VALUATION RAILROADS 205 


thrown the market, not applicable the ascertainment the 
full value the tangible property railroads going concerns. 

Original Cost the Act Congress that prescribes the 
alternative methods under which the Interstate Commerce Commis- 
sion proceed, Original Cost Date named, which the actual 
cost property, reflected the books and records the companies, 
taken. 

With rare exceptions, extremely doubtful that the books and 
records the railroads the United States will found 
dependable for the purpose ascertaining present-day fair values. 
Only recent years have cost accounts been kept uniform and 
complete manner, and even then the almost universal tendency has 
been understate charges construction, and additions and better- 
ments. This particularly true systems that are the product 
gradual expansion over terms many years. Interest during the 
period construction, organization and administrative expenses, su- 
pervision, freight charges, and the use equipment extensions 
main line and branches, many, not the majority of, instances, 
have been largely entirely absorbed the running expenditures 
the parent company, and are not reflected the book the 
older lines the accounts many the constituent roads have been 
lost are incomplete. Additions and betterments have been charged 
operating expenses. Roads have been absorbed through foreclosure 
proceedings, and the cost has been entered the books figures 
much less than their original cost. fact, all that can said the 
surviving books the older railroad systems that they show merely 
such portion the original cost date there recorded, and 
that, therefore, they are not proper for use physical valuations, 
except far they may aid casting side light esti- 
mated costs reproduction the present time. Moreover, the 
loss old records many roads, and incompleteness records 
others, would necessitate frequent departures from the general rule, 
with resulting inconsistencies and injustice. 

Cost Reproduction New.—The second the alternative methods 
prescribed the Act Congress Cost Reproduction New. Under 
this theory valuation, generally construed, the configuration 
the ground surface and other natural topographical conditions along 
the line are assumed restored and they were before the 
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railroad was constructed, but all other respects the existing environ- 
ment taken to-day. 

determining quantities and values under this method would 
seem essential that, far possible, the procedure should dupli- 
that experience has shown would have followed, step 
step, the creation going railroad. Mere inventorying the 
innumerable component items and the placing price each will 
not give the cost reproduction, because the intimate relation that 
the parts bear each other and the cost their assemblage into 
connected whole are. thereby ignored. 

The impression prevails that the building railroad begins with 
the breaking ground and ends with the driving the last spike. 
The fact that there are three well-defined and equally important 
stages that precede the successful completion solvent enterprise, 
the first and last which are given but little weight the usual esti- 
mating cost. 

First there initiation. The plan has inception the minds 
men who are fitted experience, acquaintanceship, resourcefulness, 
courage, and tact, give life and sustain through many vicissi- 
tudes final issue. preliminary surveys, and esti- 
mates cost, revenue, and profits, are needed demonstrate its feasi- 
bility. Tentative agreements are essential for the features that must 
secured before publicity. Arrangements must concluded for 
financing the project through underwritings sales securities 
commission basis. Capable men must selected for the adminis- 
trative and engineering staffs. All this requires much time, often 
years, and considerable expenditures which the Interstate Commerce 
Commission has authorized chargeable under its classification 
“47, Interest and Commissions” and “48, Other Expenditures.” 

Next comes the constructive stage. This embraces final location, 
investigation subsurface conditions, and surveys; the preparation 
maps, plans, specifications, and estimates; the purchase and con- 
demnation rights way and real estate; negotiations with other 
railroads for trackage and crossings, and with municipalities and 
towns for franchises and other privileges; the requesting bids and 


the awarding contracts; and then active construction contract 
and company forces. 


. 
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The acquisition land and rights from others slow and 
tedious process, fraught with delays and expensive litigation, and 
rarely safe proceed with actual construction important work 
until this step concluded. 

Construction proper necessarily would not started simultane- 
ously all portions large system. The main stem would require 
first attention, followed soon the important terminals, next the 
principal branches, then the lesser ones, and lastly the minor branches 
and spurs. 

Expeditious construction great railroad system through 
populous communities does not admit the awarding small con- 
tracts, usual minor extensions “going” railroad. 
ble contractors wide experience, with followings sub-contractors, 
must attracted the prospect work magnitude remunera- 
tive prices. 

Lastly the educational and development stage, when the line 
opened traffic. Competent forces must selected, organized, and 
trained maintain and operate tracks, structures, rolling stock, and 
floating equipment. Errors design and construction, developed 
operation, must rectified. consignments must 
received from the manufacturer, “broken in,” and assigned varying 
duties. Traffic must induced, economies studied, experiments tried, 
and the brought appreciation the new facilities. Stated 
differently, all parts the new creation must co-ordinated and 
thoroughly trained their new duties before possible handle 
successfully great volume traffic. This period education, ad- 
justment, and development, during which the earnings from operation 
would increase from nothing the commencement the full amount 
the end the period, varies; course, with the nature the 
country and traffic. Under the most favorable auspices, usually 
lasts for several years. 

evident that the mere inventorying the items railroad 
parts inert whole will not give due weight the 
that experience has shown are essential the creation novo 
vitalized homogeneous system transportation, equipped, manned, 
and trained for the same character service that now performs. 
The problem should approached much the same spirit the 
actual organizing, building, and launching new railroad. 
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Reproduction, Less Depreciation—The remaining method 
mentioned the Act Cost Reproduction, Less Depreciation. For 
rate-making purposes does not seem the writer that the physical 
depreciation should deducted from the cost reproduction new. 
Both law and practice have determined that all expenditures for re- 
newals and repairs should charged working expenses, and not 
capital; or, stated differently, normal depreciation not 
treated wastage capital, but element the cost opera- 
tion that covered the rate. 

That any other course would improper and even illogical 
once apparent when realized that any subsequent reappraisal, 
say year hence, the inclusion therein full value renewed item 
that appears the appraisal its depreciated value, practically would 
amount the capitalizing renewal expenditure that had been 
charged income. 

fact, the Act, requiring that valuations shall revised from 
time time improvements other changes are made, effect 
prohibits the deduction depreciation, otherwise the constant addi- 
tion amounts expended the replacement renewal items that 
had been included the valuation their depreciated price, would 
violation the rule the Interstate Commerce Commission that 
operating expenses should not charged capital. 

For instance, expensive coal pockets which will cost, say, $600 000 
renew, may worth nominal sum their present-day run-down 
condition. The adoption depreciated figure would mean that 
when the structure rebuilt, say, next year, would added 
the valuation, although correct accounting would demand that the 
entire cost should charged operating expenses. 

The conclusion seems warranted that, for rate-making purposes, 
depreciation should not deducted from the cost reproduction. 
plainly liability the stockholders, partly offset any re- 
serves that may have been established for that purpose, and should 
given due weight determining railroad company’s net profit 
and loss account. course, the case Government acquisition, 


this feature would require due attention, for the reason that the pur- 


chaser would assuming the stockholders’ burden future restora- 
tion depreciated items. 


‘ 
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Summary Basic the foregoing reasoning sound, 
evident that the selection the underlying basic principle must 
guided the purpose for which the valuation made. 

The sale-value method, while used certain instances where the 
general taxation laws thus require, inapplicable for rate-making and 
acquisition purposes because does not take into account the features 
that mark the difference between aggregation dissociated parts 
and the same parts cemented together and pulsing with life going 
concern. 

The original cost-to-date method inadmissible, except side 
light other methods, because the incompleteness and non-uniformity 
past records are bar the making accurate statements full 
cost, and because the loss such records many roads makes im- 
possible that universality application that essential equity and 
fairness. 


Cost reproduction new, estimated such manner em- 
brace all the steps that experience has shown are needed for the crea- 
tion living, self-supporting organism, may considered fair 


measure physical value connection with rate regulation; but 
physical depreciation, being element waste chargeable operat- 
ing expenses and therefore stockholders’ liability, not deductible 
except cases where the burden restoring the depreciation trans- 
ferred purchaser. 


Even though the reproductive principle accepted, there are many 
who contend that land values should entered the estimate 
their original cost, the current normal market price neighbor- 
ing lands, without any increase for severance and other damages, 
for the excess that railroads are compelled pay for right way. 

Original “original cost” measure land values be- 
lieved unfair, for two reasons: ignores the increment that 
enjoyed all other property owners through increase the popu- 
lation and prosperity the country; and would lead the incon- 
sistency low original values lines unfortunate enough have 
preserved their land records, and high costs adjacent lines where the 
absence records would make imperative the use present-day values. 

Current Normal Market Prices—That current normal market 
prices are not proper gauge the cost reproducing railroad lands 
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well known all who have had experience right-of-way matters. 
From variety causes, such severance and other damages, plot- 
tage, and the psychological attitude owners toward corporate pur- 
chasers, the prices paid railroads are far excess normal neigh- 
boring values, cities and towns the average factor ranging from 
unjust theory, and practice would result confiscation 
property where actual expenditures for right way recently built 
lines can proven have been many times the cost that would 
result from the use fictitious “normal market prices.” 

Reproductive conclusion seems warranted that strict 
equity can served only the adoption one standard land 
values applicable alike all roads, and that the fairest standard 
reproductive cost, which, its name implies, calls for the estimated 
cost reproducing the lands each locality the present time, 
taking into consideration all the elements which are known have 
bearing the purchase railroad right way and real estate, 
including costs acquisition. 

This method guarantees equal consideration the older lines and 
those more recently built, avoids the dangers confiscatory action, 
and gives due consideration the facts that are known enter into 
the purchasing and condemnation lands for railroad purposes. 

Lands Held that the erection manu- 
factories and other buildings, the opening new streets, the laying 
out parks, and the making other costly improvements the 
neighborhood railroads, well increases the values adjoin- 
ing property, will make the future acquisition lands for the ex- 
panding needs common carriers difficult and expensive, not im- 
possible, has been customary for railroads exercise foresight 
the purchase surplus lands crucial points. seems that lands 
good faith held reserve for future use, are necessary for the 
proper performance the duties the railroads common carriers, 
and, therefore, should included the valuation. 


INVENTORYING AND MEASURABLE 


physical examination railroad once reveals multitude 
items which are patent the eye and, therefore, may termed 
“measurable items.” 
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Interstate Commerce Commission estimate prop- 
erly the cost reproducing these items place, parts con- 
nected whole, exceedingly necessary that they shall listed 
such manner that their relation each other will apparent; and 
this can best done adhering strictly the classification ex- 
penditures for road and equipment, prescribed the Interstate 
Commerce Commission. fact, this procedure imposed under the 
terms the Act. 

number valuations have generalized their treatment the 
data embraced under the primary accounts the Commission, with 
results that will not bear analysis. For this reason essential that 
every road item should entered under its proper sub-primary ac- 
count, exactly would done the building new line. Bunch- 
ing items together lump prices will not accomplish this result. 

Prices—By inventorying all parts, with view their 
relation each other during the process construction, and 
adhering strictly the Interstate Commerce Commission classification, 
possible determine advance the field work list tenta- 
tive prices for all the items chargeable each the sub-primary 
accounts that actual experience has shown will encountered. 


conditions many railroads various parts the country 


differ widely, each locality requires special study conjunction with 
such records actual cost may available. Based this study, 
tentative price list may adopted for the general information and 
guidance the engineer direct charge each railroad subdivision. 
Such prices would modified him whenever local conditions made 
that course necessary, and such his reasons for the modifica- 
tions should given for visé the engineer general charge. 

fixing tentative prices, due consideration should given 
many elements cost which are temporary nature during con- 
struction and are not always apparent after years, as, for instance, 
salaries and expenses connection with the acquisition lands; 
temporary trestles facilitate track-laying advance the erection 
bridge superstructures; preliminary surfacing track for the 
preservation rail from injury pending final ballasting; and trans- 
portation men, tools, and material points distribution, the 
expenses which are best incorporated the unit prices rather 
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than attempt segregate them under Interstate Commerce Com- 
mission Account 32. 

Owing wide fluctuations the costs labor and material, the 
practice adopting unit prices that will fair averages over period 
several years has been followed extensively. This undoubtedly 
the proper course, with the exception items that have shown con- 
stant tendency one direction, the cases lumber, piling, ties, 
and many classes labor. the latter instances, would seem 
that current instead average prices should adopted. 


OVERHEAD 


(Exclusive Interest During Construction.) 


already stated, the inventorying and pricing measurable items 
means yield the full cost reproducing railroad. 

The necessity providing means for cementing together these 
items recognized the Interstate Commerce Commission through 
certain accounts the classification expenditures for road and equip- 
ment, viz.: 1—Engineering; and Operating Expenses 


during Construction; and 48, inclusive, General Expenditures. 

estimate the cost railroad also requires allowance 
for contingencies, which the fallibility the best engineering fore- 
casts has shown necessary cover omissions, errors, and 


uncertainties. 

the aggregate, these overhead expenses constitute large per- 
centage the total cost. 

Engineering.—It should borne mind that Interstate Com- 
merce Commission Account calls for engineering expenses con- 
nection with Road Items only, and does not apply Items 
2—Right Way and Station Grounds, and 3—Real Estate, nor 
Items 42, inclusive, Equipment. 

Contingencies.—Despite the utmost care estimating, experience 
has shown that final costs are invariably far excess preliminary 
forecasts, unless percentage added cover multitude con- 
tingencies that arise during the prosecution work. 

honestly prepared estimate never over-states quantities, but, 
the contrary, omits many which are overlooked escape attention. 

Claims are made neighboring land owners, employees, contractors, 
and others that frequently involve lawsuits. 
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Condemnation proceedings result awards for damages far 
excess usual anticipations. 


Floods, wash-outs, and errors employees cause added expense. 


Delays are sure arise that enhance costs, as, for instance, through 
strikes, court proceedings, and difficulties securing labor and mate- 
rials, and also through increased interest charges pending the time 
final completion. 

Finally, there always the danger rising markets for material 
and labor, and scarcity high-grade contractors. 

recent years there has been growing appreciation the neces- 
sity adding for contingencies not less than from 20% care- 
fully prepared preliminary estimates cost. The instances are many 
where enterprises have under-estimated their cash needs, through in- 
adequate allowance for this feature, with disastrous financial results. 

has been said that the knowledge gained from the study 
completed railroad largely eliminates elements uncertainty. This 
true such features adequacy waterways, miscellaneous items 
often forgotten overlooked preliminary estimate, and, some 
extent, nature foundations and classification excavation; but the 
largest elements chance still remain, such claims, delays, rising 
markets, scarcity competent contractors, omissions, inflated land 
values and damages, complications connection with the elimination 
grade crossings, and the nature foundations, which, the 
majority the older roads, little authentic information now exists. 

There are also the further items, usually unprovided for elsewhere, 
cost acquiring lands; the expense organizing maintenance and 
operating forces pending the commencement regular operation; and 
expenditures for engineering, inspection, and “breaking in” rolling 
stock. 

General the words the Chairman the 
Service Commission New York the Rochester, Corning, 
Elmira Traction Company decision: 


“When the amount the actual cost the physical construction 
the proposed road has been determined are still far from having 
determined the amount capitalization which should allowed. 
There are many elements cost attendant upon bringing into exist- 
ence new railroad additional the cost mere physical con- 
struction. Some these elements may enumerated follows: 
(1) expense organization, (2) incorporation tax, (3) expense 
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obtaining certificate public convenience and necessity, (4) pre- 
liminary engineering expenses, (5) expense procuring the authoriza- 
tion issue stock and bonds, (6) expense marketing the securi- 
ties, (7) discount upon the bonds provided they cannot sold par, 
(8) interest upon the bond issue during the period construction and 
prior the beginning operations, (9) compensation officers 
the road during the construction period, (10) incidental expenses dur- 
ing construction period, (11) expense obtaining local franchises 
and consents. 
* * * * * * x * 

“Another subject great interest and importance the com- 
pensation, any, which the promoters the enterprise should 
entitled for their services. Promotion has been extensively abused 
and has been universally used cover for abuses capitaliza- 
tion that has come regarded term reproach and 
device work schemes robbery upon the investing public. 
reason apparent why this should necessarily so. The honest 
services capable promoter are indispensable the flotation 
every comprehensive and far-reaching scheme development the 
railroad world, elsewhere. clear vision see opportunities, ability 
demonstrate them others, and energy push completion works 
untried but great moment, are indispensable material develop- 
ment and should fairly and even liberally rewarded the public 
which receives the benefit those works. Such rewards, however, 
should put upon clear basis business principle, should 
sufficient magnitude encourage rather than discourage enterprise, 
and should not great make exorbitant demand which 
perpetual its nature, upon the community served. They are 
treated simply just payments for services performed for the 
corporation, which services are valuable and many cases even indis- 
pensable. Such services should paid for upon the basis what 
they are fairly worth, having regard all the circumstances the case 

“These observations are elementary that further elaboration 
the principle involved should not necessary. 


The Interstate Commerce Commission classification expendi- 


tures for road and equipment provides for the charging general 


expenditures the following accounts: 
43—Law Expenses; 
and Printing; 
45—Insurance; 
and Commissions; 
48—Other Expenditures. 
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has been usual the valuation public utilities fix arbi- 
trarily percentage the total cost cover these items, but seems 
possible make analysis these charges and thereby reach result 
that may said have logical basis. 

Law expenses, stationery and printing, and insurance may esti- 
mated taking the aggregate annual current expenses for these items 
given railroad and making suitable allowance for the additional 
expense that would probable under the conditions construction, 
compared with normal operation, for one-half the adopted total 
period construction from the inception the final completion 
the enterprise. 

Taxes during the constructive period may taken the current 
annual amount for one-half the period extending from the date 
commencement right-of-way purchases the time commence- 
ment operation. 

Discount bonds many not considered properly charge- 
able cost construction, the theory that pure discount equiva- 
lent adjustment the interest rate current market conditions. 
banker’s commission for the sale securities, however, should 
included. Payment for the services those undertaking the sale 
stocks and bonds seems just legitimate and necessary com- 


pensation for other services incident the carrying out the project. 


“Other expenditures” may obtained taking the current annual 
cost salaries and expenses general officers and clerks for one-half 
period extending from the commencement right-of-way pur- 
chases the commencement operation. addition this there 
would the further payment properly due those who, through their 
initiative, originality, ability, and assumption responsibility final 
success, would give life the enterprise. The propriety making 
this allowance well expressed the above-quoted opinion the 
Chairman the Service Commission the State New York. 


Interest Construction. 


generally conceded that interest money during construc- 
tion much element arriving the cost the reproduction 
railroad expenditures for any other purpose achieving the 
same result. Payments for the use money are principle not 
different from payments for labor, materials, right way. 
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During the process construction new enterprise there 
fund which the company can draw for interest payments, except 
interest-bearing borrowings supplemented such net earnings 
may result from operation during that time; and hence the capital 


raised must sufficiently large cover all items cost, including 


interest upon itself, and “interest the the point 
final completion the road running order. 

Methods Calculating the propriety in- 
cluding interest money during construction element cost 
thus recognized, the tendency has been greatly under-estimate 
the amount. 

has been customary take the estimated cost the adopted rate 
interest for one-half the assumed period construction. This 
treatment the theory that the expenditures will increase 
constant ratio straight line, from nothing the beginning the 
full amount the end the constructional period; that money ad- 
vanced the company non-interest-bearing until actually disbursed; 
and that interest paid the interest payments. 

analysis the conditions that actually obtain the building 
large railroad shows that the usual method calculating interest 
charges yields result very much lower than would actually occur 
reproduction the system, for the following reasons: 

not increase constant ratio. the 
preliminary stage the rate expenditures small. Then there fol- 
lows marked rise because heavy right-of-way payments, followed 
somewhat decreasing rate. Finally, the rate again increases 
reason large payments for equipment. The usual result much 
larger volume expenditures the early stages the work than ap- 
pears from the use the straight-line method. 

2d.—The securing capital basis that will assure its delivery 
exactly needed for disbursement during the progress the work 
not practicable. Stringency the money market other unfore- 
seen contingencies make imperative the possession the company 
ample funds bridge over temporary crises, even when the funds are 
supplied through banking houses unquestioned strength. 
the entire amount must taken the time financing, the capi- 
tal must paid annual installments advance. either case the 
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unused surplus over current needs loanable rates materially less 
than those paid the company, the effect which addition 
the burden interest charges during construction. 

charges must paid from the capital, which itself 
interest-bearing, and therefore not proper that interest the 
interest should omitted from the calculation this item cost. 

Summarizing, the ordinary method calculating interest charges 
usually produces amount that too low, reason the failure 
take into consideration the heavy right-of-way expenditures the 
early stages the work; reason the neglect include interest 
unused money awaiting active use; and reason the omis- 
sion interest interest. 

Rates rate interest paid the money invested 
has been usually taken 6%, the theory that the enterprise would 
financed one-half bonds bearing and one-half stock en- 
titled 7%, both bringing par the market. Many examples can 
quoted show that this rate conservative. 

The rate received balances placed time loans may taken 
from 6%, and call loans from per cent. 

Time Construction.—The assumed periods inception, right-of- 
way purchases, active construction, and traffic development should 
based conditions found the particular railroad under considera- 
tion. complicated system, the time required for the acquisition 
right way and for the construction the more difficult lines should 
govern, and the assumed date commencement active work the 
less important lines and branches should advanced that sufficient 
time only will remain for their completion when needed for the initial 
operation the system whole. Industrial spurs well equip- 
ment may assumed supplied during the final stage when 
being gradually induced. treating the subject this manner 
the building the various sections and the delivery equipment will 
co-ordinated with view completion only needed, and the 
undue expenditure interest inactive capital thereby will 
avoided. 

Graphical assist determining the lengths the 
different stages, and ascertaining aggregate capital requirements 
and net interest payments the work assumed progress, graphical 
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analyses will found make this important subject clear and con- 
clusive. 

Earnings During the theory that the 
full current net operating income railroad will realized the 
end the last stage construction, is, course, proper that the 
capital invested should credited with the net earnings enjoyed during 
that stage. These may taken the full current net earnings 
the company for length time equivalent one-half the educa- 
tional and development period, except roads where losses instead 
profits may fairly estimated for the development period. the 
latter instances would seem proper consider the net losses 
legitimate charges the cost creating the enterprise. 


That working capital absolutely necessary for the proper running 
railroad well shown the following extract from the opinion 
the Chairman the Public Service Commission New York, 
the Rochester, Corning, Elmira Traction Company case: 

“In addition the foregoing matters, there should provided 
upon the commencement operation fair and reasonable amount 
working capital. The operation the company can continued 
with far greater efficiency, more the satisfaction the public, and 
with better results the stockholders, has all times its 
treasury working capital sufficient and adequate meet the re- 
quirements the road. Experience has demonstrated this many 
times that insistence upon elaborate demonstration its truth 
not required this time.” 


Working capital represents money permanently non-productive ex- 
cept through earnings derived from the transportation passengers 
and freight. includes cash held readiness for the prompt pay- 
ment pay-rolls and vouchers, money tied bills receivable, and 
money invested “stock hand.” The average amount may 
ascertained from study the annual report the railroad company. 


Depreciation, modified the appreciation those parts that im- 
prove with time, should based actual conditions and suit- 
ability for continued use. rule, several types depreciable and 
appreciable property will found railroad. 
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Bridges,. Buildings, like bridges 
fundamentally sound and good for indefinite continuing life, may 
have their depreciation measured the estimated expenditures re- 
quired put them 100% condition. Generally speaking, obsolescence 
such instances believed too speculative for consideration. 

Rails.—Certain items, like rails, are good for indefinite con- 
tinuing life, during the early stages which there gradual dimin- 
ishment value followed for many years fixed values. Rails usually 
pass through several stages before they are unfit for further use 
track. First, they are utilized the more important lines until their 
condition becomes such make them unfit for high-speed passen- 
ger service. Then they are transferred lines minor traffic, 
sidings and yards, where they may remain for indefinite period. 
Manifestly, improper attempt measure their depreciation 
arbitrary mortality basis, some instances the character the 
traffic may such wear out the rail one-half one-third 
the assumed ultimate life, and other cases the traffic may 
light permit the retention the rail service for possibly twice 
the assumed ultimate life. Therefore the depreciation the rail 
each instance must judged its condition and the kind 
traflic that bears. Commercially considered, there are three classes 
rail: new, relayer, and scrap. Between the first two there grad- 


ually decreasing range value from the new the relayer price, the 


difference between them being spreadable over the average period during 
which may assumed that the will suitable for the higher 
classes service. Further depreciation below relayer value will de- 
pend entirely actual conditions the material approaches the point 
where removable scrap. 

Ties and Timber number cases experience has 
shown that fairly definite life may determined. Ties, for instance, 
from study the renewal records each company, will found 
have average life, and the percentage depreciation all 
the ties track will depend the time year when the observations 
are made. Timber trestles will found have average lives, depend- 
ing the kind material which they are constructed and their 
location and purpose. some instances the trestle may made 
good new the replacement few the more perishable parts 
the structure, and other cases entire renewal will required. 


a 
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Between these limits, depreciation should measured the proportion 
the total life the structure that has expired. 

Equipment and Machinery.—With rolling stock, floating equipment, 
and shop machinery and tools, obsolescence well decrepitude should 
taken into account, past experience has proven that there 
well-defined period economical life beyond which continued use 
wasteful unproductive. treating this class depreciation, more 
than ordinary experience and judgment are required, because the 
fact that the character up-keep dependent the economical life 
the item that under consideration. Therefore rarely possible 
adopt any fixed rule that will applicable under all conditions. 

Graduation and Ballast—Embankments the course time 
undergo solidification following impact rolling stock and the action 
the elements. This seasoning results appreciation that may 
gauged the estimated cost obtaining practically the same desir- 
able condition the time the construction the road. This cost 
will depend the availability water for consolidating purposes, the 
nature and quantity material, and the degree which the act 
solidification will interfere with the ordinary manner which the 
embankments would built. 

Excavations new railroad are known give much trouble from 
slides and filling ditches, entailing constant labor, often with the 
use work trains, until the surfaces the cuts adapt themselves 
conditions, or, other words, become seasoned. the case em- 
bankments possible measure appreciation the equivalent cost 
compacting them artificially, but not easy fix definitely the 
value appreciation excavations; however, close approximation 
may made estimating the cost work train and other service for 
assumed period time, taking into account, course, depths 
cuts, their age, and the nature the material. 

Where slopes for fills and the course time have become 
grassed otherwise covered with vegetation which protects the surface, 
allowance for appreciation may made the basis the cost the 
adding these items the course construction. 

For considerable period after tracks are first ballasted, more less 
trouble and expense are involved preserving line and surface, par- 
ticularly during periods wet and frost. This due the working 
the ballast into the roadbed, the filling interstices from beneath, 
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and the fact that the ties have not become solidly embedded the 
ballast. consequence these conditions, extra labor required 
constantly, readjust the track, and there absence the smooth 
riding trains which essential fast passenger service and 
the minimizing repairs track and equipment. time goes on, 
the track raised new ballast, maintain its original 
height, and the original ballast pressed settled downward into the 
roadbed, where remains firm, semi-porous substratum blanket 
protect and sustain the overlying newer ballast. This newer ballast 
the visible portion which appears above the top the shoulders 
the embankment and usually measured and estimated ballast. 
The older concealed ballast incorporated the roadbed, and 
though not measured and estimated such, its value reflected 
the appreciated worth the part that measured and estimated. 
Experiments have shown that thickness in. beneath the bottom 
the ties necessary distribute the weights rolling stock properly, 
and therefore appreciation ballast may considered being 
measured the cost the concealed portion maximum depth 
in. below the bottom the tie, less the cost the roadbed material 
thereby replaced. course, ballast dirty and requires cleaning, 
the approximate cost forking over otherwise cleaning may 
deducted from the appreciation arrived above. 


ORGANIZATION VALUATION 


With the general principles settled which are govern the work, 
the organization the valuation corps next commands attention. View- 
ing the problem the same spirit that guides the actual creation 
going railroad, evident that the mental attitude the leading 
members the corps must harmony with the practices that 
obtain the inception, construction, and initial operation the 
enterprise. Consequently, they must men broad experience 
their respective fields, capable adjusting rules and prices con- 
ditions they find them each particular instance. Mere inventory- 
ing, without the detail and supervision experienced en- 
gineers, will produce results which will easily attackable court. 

word, the problem one that calls for high order engineer- 
ing skill both rank and file, that the outcome may reflect all the 
processes which have bearing the final cost live railroad. 


A 
t 
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Valuation Road Items.—Rather than subdivide the work under 
number engineers having charge separate subjects, such 
grading, bridging, and track, the writer believes that territorial divisions 
districts should established, each charge engineer capable 
viewing his assigned territory whole, and personally passing 
the value and condition all items the light their relations 
each other, except those which will require the advice special 
experts. addition, may said that territorial valuation has the 
merit readily lending itself the segregation results that they 
may made available for variety purposes, as, for instance, esti- 
mating the cost per ton transporting commodities from various 
originating points destination, and verifying values used vari- 
ous taxing districts. 


Although engineers with experience and ability handling the 
work thus outlined could personally pass the majority the 
items entering into way and structures, there are several features re- 
quiring the attention special experts. 

These consist right way and real estate, interlocking and 
signals, and shop machinery and tools. addition, the engineer 
charge each district will times need advice other specialties, as, 
for instance, heating, lighting, and power plants shops and engine- 
houses, and important unusual structures. 

Valuation right-of-way and real estate expert should 
man wide experience the purchase land for railroad pur- 
poses, having also intimate knowledge railroad land values 
the section which located. should expected ascertain 
the current basic values neighboring lands means measuring 
the value the railroad properties, make inquiries local real estate 
agents and others familiar with the subject, and, finally fixing values, 
take into account the factor each case that experience has taught 
should used multiplier connection with railroad purchases. 

believed that this method ascertaining the reproductive cost 
right way and real estate, through the central agency one 
having this comprehensive knowledge the values land purchased 
and used for railroad purposes, will avoid the and errors 
which are common where the work entrusted multitude local 
men unversed the broader aspects the problem. 
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Valuation Equipment.—Rolling stock and floating equipment, 
defined the Interstate Commerce Commission, should each placed 


charge engineer standing his specialty. Each locomotive, 


car, and boat need not viewed personally the appraiser, but 
sufficient number each class type may inspected fix their 
value and condition. 

and adoption forms which observations 
are recorded and results compiled, is, course, important step 
the work. The forms should inter-connected such way that 
will easy trace backward from compiled results the parent 
underlying data, and they should avoid generalizations which cannot 
substantiated facts recorded detail the ground. 

Tables and diagrams are also value facilitating field and office 
quantities, and check arithmetical work. 


CoNCLUSION. 


conclusion, may said that the cost reproduction new 
appears the only measure physical value that places all rail- 
roads the same plane, and the only one that provides for the in- 
clusion every element cost that enters into the creation 
going railroad. properly applied, will give due weight the 
duplication lands, under exactly the same conditions are known 
prevail actual practice; will provide for the inventorying and 
pricing measurable items such manner recognize their 
correlation and the varying local conditions that surround them; 
will recognize the propriety adequate charges for overhead costs, 
including engineering, contingencies, general expenditures, and pay- 
ments for the use money during construction, all which are 
essential the assemblage and endowing with life the component 
parts the system; will take into consideration net gains losses 
during the final development stage reproduction; and will not 
forget that working capital necessary the success the enter- 
prise other capital charges. The fulfilling these conditions calls 
for engineering skill and experience the highest class, not alone 
technical fields, but also the broader domains administration, 
finance, and operation. 

physical valuation thus embracing every item cost that enters 
into the duplication facilities full running order, equipped, 
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manned, and trained for the same character service that they are 
now performing, may said include many the intangible ele- 
ments going value which are difficult, not impossible, measure 
any other manner. There are, however, other elements value, 
such traffic productivity and operating effectiveness, that cannot 
measured this manner, and therefore are beyond the scope this 
paper. 

Whether not physical depreciation should deducted from the 
cost reproduction new, may said depend the purpose the 
valuation. its intent the ascertainment price paid 
purchaser whom transferred the owner’s liability regards 
future renewals and replacements, then, beyond question, depreciation 
should deducted; but, the amount capital invested the point 
issue, depreciation, being element operating cost and not 
wastage capital, should not deducted. 
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DISCUSSION 


Parsons, Jun. Am. Soc. (by letter).—Valuation, 
to-day, the fashion, and rightly so, for only with absolute and com- 
plete knowledge facts can justice done either the consumer 
the producer. Surely, this great subject, large beyond the ability 
any one commission which has not the thorough support the 
entire country and cannot rely absolutely its assistants. The people, 
the corporations, and the Profession should most heartily Mr. 
Wilgus’ paper endeavor clarify valuation views more fully 
and secure the co-operation all concerned. 

interesting note again, the much-discussed subject 
depreciation has come up. There is, perhaps, more written this 
phase valuation than any other, very largely because, like will- 
power, sort composite; depreciation made up, part, 
red lead, stomach, philosophy, bookkeeping, obsolescence, and the 
methods treatment throughout. This divergence methods causes 
much Any one several logical processes will give correct 
answers the question depreciation, although certain steps one 
method may differ entirely from similar steps another. 

The author has approached the subject physical valuation the 
large, showing that not question many yards earthwork, 
many tons steel; but that all parts railroad must com- 
bined, fused, and vitalized, that they must made single working 
machine. That, however, not all; the mere inventory the physical 
property (if one may broaden the discussion beyond the limit set 
the subject) only small part the problem. Before board can 
rightly take from one and give another, must have knowledge, not 
only the physical value, but the complete and financial 
history the company. must know the total cost producing the 
commodity (which cost times greatly excess that the 
physical plant) and the total profit derived from its sale. Promoters 
may embark hazardous but necessary business during hard times, 
with the result large financial loss the early days; then again 
there may absolutely risk connected with the building the 
business. The development value may practically nil. the other 
hand, regardless risks which have been taken, subsequent profits, 
whether great small, may alter entirely the question what equity 
the public has the business. The real problem begins after the 
physical valuation made, and necessitates complete knowledge 
the history the company and the financial and political situ- 
ation during its life. the physical value must determined 
broad-gauge-manner, also the entire subject rate-fixing goes. deeper 
than mere consideration physical value. 


Parsons. 
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One question about which the writer has been thinking is: “Where 
may our theory valuation lead?’ May not get back the old 
labor theory value, which held, for example, that man pro- 
duced one day clock which kept perfect time, whereas another man 
labored equally hard for hundred days producing inaccurate 
timepiece, this second man, nevertheless, was entitled one hundred 
times much wages the first man. cannot say that utility 
entitled fair profit all the investment unless that invest- 
ment has been wisely made, and must judge past actions with 
leniency. the other hand, although the best judgment may have 
been used, possible that business has almost entirely disappeared, 
and that the company entitled rather high rate—to what the 
traffic will bear. Rates must bear some relation the actual cash 
value the service and proper return judiciously invested 
The germ the solution this question policy (which 
allows fair return the actual investment which may con- 
sidered measure the labor, and may bring back the old labor 
theory value) contained the case Smith vs. Ames, wherein 
pointed out that the rates affecting the welfare the cor- 
poration and the welfare the people must considered the 
light complete history all conditions. hoped that 
this general broad subject will more elaborately discussed, for 
that depends the fair rate. regulation present-day busi- 
ness gets into deeper water than the one-time automatic com- 
petition small companies. 

the value property depends the purpose for which the 
valuation made, have several sub-heads valuation. First 
these may mentioned the physical value, determined any one 
several methods. Next, may place the development intangible 
value, consisting various items not properly appraisable under the 
head physical value, such, for example, promoter’s profit, 
legitimate costs franchise, legal and engineering expenses, certain 
property rights, present value past deficits, ete. Thirdly, the busi- 
ness value the net income capitalized the current rate interest. 
The fourth, going, value sometimes used synonymously for the 
development value, again with business value. seems, however, 
that this reality value itself, differing from those already 
mentioned, and that can very properly defined the difference 
between the business value and what the same investment would earn 
bank. other words, capitalist chooses let his money lie 
idle—chooses unenterprising—he gets certain amount 
interest. If, however, sees fit invest this money business, 
promote project, guide safely through the development stage, 
put good running order, and make the organization whole 
single living unit—a going concern—he entitled more interest; 
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entitled fair return the investment under the particular 
conditions which has met and conquered, and the going value 
that excess which the business earns over and above what the same 
money would earn had chosen leave bank. The going 
value might quite properly defined the difference between the 
business value and the idle value. 


word” this present-day subject, and although the writer will 
confine his remarks discussion the land element involved, 
difficult see how going raise many issues the field covered 
this paper; for, after some ten years experience valuation 
engineers and pretty general discussion the subject, the author 
has succeeded eliminating vast amount theory and undigested 
argument—going directly the meat the proposition—and from 
his record practical railroad builder and appraiser has evolved 
principles which are both logical and sound. The writer does 
not mean this that the subject beyond the realms controversy 
detail, but the hitherto mooted cuestions reproductive value, 
overhead charges, depreciation, the author most convincing and 
accord with the best authorities the subject. 

with many propositions professional interest, the opportunity 
exists for wide-spread discussion, which sometimes carried point 
beclouded mental vision. The sooner the subject reaches the prac- 
tical stage—where justice all concerned will the key-note dis- 
cussion—the sooner will there harmony action between those who, 
the one hand, are honestly striving exact justice the general 
public, and those who, with equal zeal, represent the railroads. 

With the railroads (it has been suggested) this public valuation 
basis for rate-making, how will operate when comes matters 
taxation? The writer does not agree with some authorities: that 
there cannot one valuation for the one and another valuation for 
the other. Bear mind that these remarks are confined, 
closely practicable, the element land values (no inconsiderable 
part the whole), and when Thompson, Am. Soe. (one 
the Board Engineers recently retained the Interstate Commerce 
Commission under the Adamson Act), asks: “Is there any logical 
reason why valuation for this purpose [the issuance stocks and 
bonds] should not also serve—as far pertains—as basis for 
taxation for regulating freight rates?” and again: “as far the 
State concerned and consistent should not one valuation serve 
all purposes?” the writer answers, both queries, emphatically, “no”! 
individual corporation decides build railroad, he, it, 
must acquire right way, which conceded will cost per acre, 
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through the country districts, from two five times the normal acreage 
values adjoining land. The fact that costs this amount more, 
does not make worth more, and should assessed (for taxation) 
what worth, not what has cost. The reasons for its costing 
more the railroad will not discussed here, for that now axiom- 
atic and elementary. enough say that does cost more, every 
one who has had broad experience buying right-of-way property for 
railroads knows; and would gross injustice, well blunder, 
tax the strip land used for right-of-way purposes its cost, say, 
$100 per acre, when the adjoining land assessed $25 per acre. 

Mr. Thompson cites the Texas valuation, where says his experi- 
ence Appraising Engineer for more than years with the Texas 
Railroad Commission confirms his belief that, the absence actual 
figures cost, right way and other real estate should appraised 
but little excess the market value abutting property, and 
adds: “the conditions under which the railroads were built Michi- 
gan, Wisconsin, Iowa, and Minnesota cannot have been radically dif- 
ferent from those the southern and western states.” 

Now, let see: the Michigan two illustrations are 
given indicate the factor that should used for reproductive values: 

Pere Marquette Railroad, Montcalm County, paid 
average price $135.19 per acre, and the 1900 appraisal showed 
average $29 per acre the 918 acres appraised........Factor, 4.66 

2.—The Grand Trunk Railroad paid $491.13 per acre for 63.2 acres, 
and the 1900 appraisal showed $61.44, only one-eighth the actual 
purchase price Factor 

Twenty-three illustrations fourteen counties showed that the 
average cost lands was from 230 726% higher than the 1900 ap- 
praisal, and this, too, “after the 125% and fixed charges had been 
added” the appraisal 

Wisconsin, the late Taylor, Am. E., the State 
Appraiser, said: 

farming lands, small towns, and suburban and residence prop- 
erty, the right-of-way value was taken 250% the market value 
for other purposes,” and notwithstanding Mr. Thompson’s conclusion 


“that, the absence actual figures cost, right way and other 
railroad real estate should appraised but little excess the 


market value abutting property.” 

Mr. Thompson says: “For rural property, the ratios used Pro- 
fessor Taylor the Wisconsin appraisal appear quite 

Minnesota, Appraiser Morgan’s findings (after employing several 
special agents who made study transfers and assessed values over 
the State) were, that the State large, exclusive the St. Paul, 


* Transactions, Am. Soc. C. E., Vol. LXXII, p. 57. 
Transactions, Am. Soc. E., Vol. LXXII, 205. 
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Minneapolis, and Duluth Terminals, multiple was proper, while 
St. Paul used Minneapolis, and Duluth, 1}. 
Professor Taylor thought city property should put 
market value strips 100 ft. width less, and 110% where 
the land was owned blocks width greater than 100 ft. 
evident, however, that “hard and fast” rule will apply all parts 
the country. Varying conditions appear along different lines, even 
the same State. stated Henry Earle Riggs, Am. Soe. 
“Tt comparatively simple fix within very close limits the re- 


production cost tracks, bridges, locomotives, any the other ele- 
ments physical valuations. Not with the land.” 


Mr. 
Aldrich. 


And again: 


“Tt impracticable entirely eliminate differences due error 
judgment the part appraisers. Where these differences occur, 
experience must the governing factor.” 


Were the records complete, abstract cost prices the rail- 
roads, together with transfer considerations adjoining land, and 
assessed valuations, the problem would simplified, but, except iso- 
lated cases, such records are not available, and the appraiser must 
guided large part his others’ experience the actual purchase 
rights way and other real estate for railroad use.. must 
fortified with ample local testimony basic values and the indi- 
vidual knowledge local real estate agents railroad employees who 
have personal information actual transactions. When practicable, 
should examine recorded transfers the county seats for number 
years back, and take notes concerning the assessed valuations 
properties contiguous the railroad. this collateral information, 
including the names and addresses local authorities, should care- 
fully preserved and indexed for ready reference. Mr. Wilgus in- 
dicates—land valuations should directed from one central head, from 
one whose experience acquiring property for railroad use (whether 
purchase through condemnation proceedings) has given him the 
fundamentals which cannot ignored the fixing reproductive 

The appointment local appraisers has not resulted satisfactorily. 
Fixed opinions local prejudices frequently exist among appraisers 
good repute, and lack harmony bound show the returns. 
well-drilled force assistants, organized and directed the chief 
appraiser, will produce the best results, and, the author well says, 
“avoid the inconsistencies and errors which are common where the 
work entrusted multitude local men unversed the broader 
aspects the problem.” 

: * Transactions, Am. Soc. C. E., Vol. LXXII, p. 139. 
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That problem is: What would it. cost for railroad 
road—other and through the country traversed 
being they are present? 

immaterial that the railroad itself may have been large part 
responsible for the development which its own operation has brought 
the surrounding property. inconceivable that the added values 
which have come adjoining lands owned and should not 
that owned the The assessor certainly 
thinks is. one doubt about it, look the record, for 
instance, the increased assessment for 1913 the terminal lands 
the New York Central Railroad Company New York City. 

However, consider for moment the question “original cost” 
rights Unfortunately, the records these purchases are not 
always—in fact are seldom—obtainable. many cases they are not 
existence, that, make any practical, general use such data 
out the question; and, they were available, their examination 
and tabulation would involve amount labor hardly commensurate 
with their importance this subject. will interesting, however, 
give few examples which illustrate the elements reckoned with 
the buying agent when undertakes the purchase rights way. 
recent case that road now under construction just over the 
border line Canada, which not dissimilar some those this 
side the line. The road question run along the north shore 
Lake Ontario—through fruit belt much the same character 
that traversed railroad the south side the same lake. The 
writer was considerably puzzled fixing the reproductive values along 
the latter line, was but little information available covering 
the original purchases. The writer’s assistant that work was en- 
gaged later valuing the right way the railroad the north 
side the lake and had access the records purchase. The twenty- 
five examples, Table are from that record. The right-of-way agent 
states that his estimate indicates that the cost the entire right 
way will average between six and eight times the normal value the 
adjoining land, 

the examples given Table improvements and what may 
termed consequential damages are alone considered. .The names and 
addresses owners are known, but are omitted from the table. 

the true values the land alone were represented these data, 
the reproductive value would represented the percentages given, 
which, will noted, run from 200 800, but the right-of-way 
agent assures that the prices allowed for the land alone were fully 
double their normal value. 


Aldrich. 
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TABLE 


Example No. 


Moving house and shed... ie 
(Crossing 


Moving house and shed... 
(Crossing reserved)........ ra 


Angling flield.......... 
Water cut off.......... 
TYOCB... ore 
(Timber 


2.25 acres 
Drainage, 80 maple trees. 
Angling farm............. 
(Timber 


Water cut off. 
(Farm 


acres 
Angling 
Water cut Off. 
lieu, farm 


OF 
Severance from water.. 
Angling farm......... 
Fall wheat............ 


Angling—4 fields. 
Water cut off... 
Shade trees....... én 


1 F acres of land.............- 
Angling and changing fences « 
Water CUG 


Water cut off............ 
Crossing inconvenience...... 
Rocky land—crossing 


acres 
40 apple 


House and 


10 apple 


Total cost. 


450 


370 


460 


Percentage. 


$400 


400 


280 


300 


Mr. 


$800 
300.00 
125.00 
525.00 
250.00 
100.00) 
215.00 
100.00 
116.00 
100.00 
350 
550 222 
| 
| 
750 208 
150.00 
150.00 
150.00 450 300 
100.00 
200.00 
500 250 
550.00 
278 
600.00 
600.00 
100.00 
250.00 
60.00 
50.00 460 
100.00 
280.00 380 380 
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Mr. TABLE 1.—(Continued.) 
Aldrich. 


Example No. Total cost. | Percentage. 


and land.............. 
2% fruit trees........ 


| 
| 
| 


$600 $400 


acres land 
Apple trees 
Berry patch....... 


acres land. 
Apple trees. 


land 
Apple trees 


lieu, farm crossing........... 


acres land. 

Inconvenience 

Crossing railway 


Apple trees........ 

Strawberries ............- be 
Damages........ 


8.1 acres 
In lieu, farm crossing 

Deep cut through orchard........... 
small apple 


Land, 
Damages for cutting off water 
Damages for crossing track. 


18888 


1.87 acres of land 
House........ 


S 


plum and pear 


0.92 acres land............. 
27 fruit trees 
Damages to building 


TABLE 


Average cost 


West Haverstraw 
Stony Point 
Higbland.. 
Cornwall 


Not any of this land is in West Point, which is a Government reservation. This com- 
pany occupies under lease from the General Government. 


| 
| 

| 

| | 
350 
220 

600 286 

505 

500 
Town. Acres. Cost. per 
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may said that these are isolated cases, and represent but small 
percentage the entire right way. This true part, but the 
percentage not small might supposed, the other hand, not 
one them was condemnation case. Every one was purchase, 
which agreement was readily reached between the buyer and the 
seller. Many owners are holding out for extravagant figures, and con- 
demnation proceedings will follow; commissioners must paid, and 
attorneys’ fees will add the expense. The railroads seldom “get 
the best it” cases this kind, that may fairly conclude that 
the right-of-way agent’s estimate 600 800% this instance fairly 
indicates the ultimate cost the company. 

case point illustrate how difficult may for the ap- 
praiser arrive fair value—or rather cost—of right way, came 
under the writer’s notice appraising the lands the West Shore 
Railroad 1911. assistant had gone over the road advance, 
and reported average valuation the lands between West Haver- 
straw (north Haverstraw proper) and Cornwall from $100 $300 
per acre, basic, and had placed reproductive value from $300 
$750 per acre. The writer questioned his figures, and went into the 
matter carefully. Much this right way runs along the Hudson 
River the foot precipitous mountain sides—in fact, practically all 
of. that which Orange County. Railroad construction there was 
most difficult, Above West Point there would seem but little 
actual value the land. Fortunately, the writer was given access 
the records purchase (made 1886) and was dumbfounded find 
the total cost these lands given Table 

The explanation the high figures Table found largely 
the consequential damages due severance, the river was cut off 
from large estates railroad right way grade. 

Another example which came under the writer’s observation was 
the Lehigh Valley Railroad near the Town Wysox, Pa., where 
became necessary buy house and lot gain additional ft. 
width for the right way. The sum paid for this property was 
$10 000, and the house with the remainder the property was sold 
for 000, making the 20-ft. strip (worth normally perhaps $500), cost 
the Railroad Company ten times its actual value. “Consequential 
damages,” will perceived, small matter railroad construc- 
tion. whole chapter might given this subject view the im- 
portant and growing demand for the elimination grade crossings. 
One example alone, which came under the writer’s notice, may suffice 
for illustration. The New York Central Railroad paid, its share, 
132.98 and $32 592.87, respectively, for these eliminations Seneca 
Street and William Street, Buffalo. The total awards for these 
two crossings amounted 531 and $65 185.63, respectively. 


Mr. 
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“Franchises and Street Crossings” another branch this subject 
which much space might given, but the intention this 
time discuss any these matters extensively. The writer has tried 
give, briefly possible, some the reasons “for the faith that 
him,” and has given few examples which have come him through 
experience this work justify that faith. 

The commonly method arriving franchise value, 
through gross earnings and revenue, will hardly apply railroad cor- 
porations, and perhaps questionable propriety that any account 
should taken corporate franchise when applied its charter. 
With this the writer has nothing do; but, ignore the element 
value which applies local franchises rights occupy cross 
streets and highways, even streams, would hardly sound. 
the Park Avenue franchise, granted many years ago the Harlem 
Railroad for entrance into New York City, appraisal Has 
the franchise which permits the New York Central and Hudson River 
Railroad Company Washington Street, Syracuse, for dis- 
tance 1.2 miles value? 

The cost private right way through either New York City 
Syracuse, the time these rights were granted, would have been 
comparatively insignificant. What the right way through the 
heart Syracuse worth to-day, and how many millions dollars 
would take purchase private entrance 42d Street from the 
Harlem River (more than miles) had bought to-day? 
might have been acquired for considerably less than $1000000 then 
—could duplicated for $25 000000 now? genius and foresight 
have credit for risks failure taken fifty more years ago? 
Should capital invested this particular line business singled 
out for attack and deprived the same natural benefits which come 
other investments made the same period? 

The general rule followed arriving just value the 
space occupied railroad, street, highway, navigable 
stream crossing, multiply the average value the abutting prop- 
erty both sides the area and divide two, the theory 
joint occupancy two interests—the public and the railroad. the 
crossing occupied three interests (whether grade otherwise) 
then the divisor and on. The same rule will apply street 
highway along and through the streets, unless sole occu- 
pancy given space enjoyed the railroad, when, the right 
perpetual, full value taken. 

Rights way along and through streets, not grade, should 
estimated one-third the value the surface land. 

These rules are quite general, and have been adopted the result 
careful thought and analysis growing out study and experience 
this feature the work. All crossings not grade are attended 
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increased cost construction the railroads, and, grade, the 
cost watchmen, otherwise safeguarding them, puts added 
burden the railroad. further justification needed for includ- 
ing value for public crossings this estimate, should remem- 
bered that revenue based mileage large extent, and that, 
therefore, the value every foot right way should properly 
considered some logical manner. 

what lands, any, owned railroad company are 
eliminated from consideration—in the matter rate-making, 
stance, the appraiser has nothing do—that question for the 
Interstate Commerce Commission and the railroad company settle. 
the appraiser’s business appraise all the lands the company, 
and, fixing his value, differentiate between lands actually use 
needed for the operation the railroad, and those which have been 
abandoned, such depleted gravel pits, parts original right way, 
and even where surplus land has been acquired for future yard exten- 
sions. 

may contended, for instance, that houses erected the com- 
pany, purchased it, for housing employees the vicinity shops 
transfer yards, not real estate proper included valua- 
tion for rate-making consideration the issuance the com- 
pany’s securities. However that may be, will not affect the method 
used its appraisal. “outlying” property, any event. 
The company would not confined one particular location for such 
facilities, and its reproductive value would the bare value the 
land and the present depreciated (if any) value the 
hausted gravel beds abandoned right way would most cases 
have but nominal value. Many similar instances could mentioned, 
but common-sense judgment most instances will govern. Large 
tracts land purchased for yards, water supply, are ordinarily 
acquired smaller figure, relatively, than right-of-way strips; the 
other hand, “plottage” element considered, particularly 
cities; that fixed rule will apply. 

The question land money donations can disregarded, for 
two reasons: First, because property property always, and whether 
the railroad company individual has acquired lands without 
monetary consideration, low figure, part consideration 
for the risks investment, its value entity and cannot ignored, 
either the assessor the stockholder. Second, the practice 
donations thing the past—and are dealing with the present. 
part the “original another proposition. There 
special rule for appraisal based population that will apply. This 
will disclosed conferences with real estate men different parts 
the system. The attitude owners will found widely dif- 
ferent different places, but will found very nearly axiom- 
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atic that the more valuable the land required, the less the size the 
factor which should used indicate its reproductive cost. This 
becomes evident when the company negotiates for right-of-way strip 
through waste lands. acre held owner here, few acres 
another owner there, may worth only $10 acre, but, un- 
less the wily farmer can get $50 per acre, will, rule, con- 
demnation, where the expenses will surely bring the cost the 
holding price. 

Before leaving this subject, the writer should perhaps mention one 
two additional examples illustrate what has preceded. The normal 
value land Jersey City, where one the shorter branches the 
Lehigh Valley Railroad crosses the main line the Pennsylvania Rail- 
road, cents per sq. ft., but cost the former company per sq. 
ft. acquire easement under the latter line (through Court proceed- 
ings, the writer remembers correctly), and later the Pennsylvania 
Railroad Company paid the same price for portion Lehigh 
Valley property the same point. 

another point, Bayonne, cost the Lehigh Valley Railroad 
$1.50 per sq. ft., when the normal values that point were cents 
per sq. ft. Joliet, the following case came under the writer’s 
observation: The right way the Rock Island Road was relocated, 
and became necessary tear down 5-story building, worth 
approximately $100000. appraiser, going over the line later 
years, might have knowledge this, and consideration would 
given it, yet was part the cost that railroad. fact, 
other buildings this point were either totally obliterated there 
were consequential damages amounting several hundred thousand 
dollars; and these are means isolated cases. Therefore, the 
records were all cases intact, valuation based “original 
would quite satisfactory the railroads any reproductive 
valuation that could made. 

There are other elements interest which enter into proper con- 
sideration the question. The rather perplexing problem fixing 
fair valuation docks, piers, and water-front terminals will not 
discussed this time, nor the asset value the virile railroad organ- 
ization, which only time and high order executive control develops. 

The “Physical Valuation Railroads,” science, still its 
infancy. The Courts probably appreciate this, and will doubt 
influenced their rulings the results which, time goes on, will 
worked out engineers and students who are giving their time 
the solution these problems. 

The Supreme Court decision the Minnesota Rate Case was an- 
nounced just the foregoing had been written, and, after careful 
reading, the writer finds good reason for changing the views which 
has just expressed. does not seem possible that the land features 
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involved could have been properly presented the Court. Like others 
who have discussed this problem, does not differentiate between the 
terms “Value” and “Cost.” The Court says: 

once apparent that, far the estimate rests upon 
supposed compulsory feature the acquisition, can not sustained,” 
and again, “it also said that this price would excess the pres- 
ent market value contiguous similarly situated property,” but 
(it adds) “supposing the railroad obliterated and the lands 
held others, the owner each parcel would entitled receive 
its condemnation its fair market value for all its available uses and 
purposes,” and: 

“Moreover, manifest that attempt estimate what would 
the actual cost acquiring the right way, the railroad were 
not there, indulge mere speculation” and “the values prop- 
erty along its line largely depend upon its existence” and, finally, 
“the assumption its nonexistence, and the same time that the 
values that rest upon remain unchanged, impossible and can not 
entertained.” 

All these arguments, with the exception perhaps that con- 
tained the last stanza, have been anticipated, and have been fairly 
met the writer’s consideration the subject this point. There 
force the proposition that values based present conditions might 
not obtain, the event the non-existence the right way. The 
argument that the railroad, having been long established, has created 
values based its very existence. Their determination, the Court 
holds, would “wholly beyond reach any process rational 
determination.” Much might said this phase the question, 
but, the writer thinks, susceptible demonstration that, rule, 
railroad terminals cities tend depreciate the value contiguous 
property. Good examples this may found Chicago and Buf- 
falo, where real estate men know that the least desirable—and conse- 
quently those which have the lowest values—are those properties which 
surround the railroad terminals. The writer knows city, fact, 
where this does not apply. 

The location railroad right way through the country usu- 
ally determined natural laws, and the farm values affected its 
construction extend, ordinarily, for some distance each side it, 
but farmers state that the effect the building the right way 
immediately adjacent their property depreciate its value, and 
testimony this nature commonly accepted condemnation 
proceedings. 

Heretofore, the generally accepted theory has been that reproduc- 
tive values should based the present market value contiguous 
property, plus whatever increment experience and available data might 
indicate proper add bring its actual cost the com- 
pany. Subject any further review the question the Court 
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last resort, its recent decision must stand, but this does not preclude 
testimony actual cost. The unfortunate situation thereby 
created, however, making possible for company owning line 
constructed recent years produce and get the benefit such testi- 
mony, while the records older lines may not available. Records 
land purchases for many the Southern roads, for example, are said 
have been destroyed during the Civil War. 

valuation these properties, based market prices adjoining 
lands, might and probably would result great injustice them. The 
Court refers this added increment one “over all outlays the 
carrier and over the values similar land the vicinity,” and says: 


“Tt increment which can not referred any known criterion, 
but must rest mere expression judgment which finds proper 
test standard the transactions the business world. 
increment which the last analysis must rest estimate the 
value the railroad use compared with other business uses.” 


Herein, the writer thinks, the Court again fault, applies 
the principle railroad valuations generally. the important rail- 
road land valuations made the writer, has never considered “rail- 
road use” element valuation, nor has heard that term used 
this connection. not railroad use, not alone value, but 
cost that justifies the use the added increment making these 


appraisals. The latter are not used cover “hypothetical outlays,” 
the Court asserts, but are based sound reasoning born experi- 
ence and fortified with enough, not all, actual cases justify this 
conclusion. 


Eaton, (by Wilgus’ paper com- 
prehensive and critical, and probably the most succinct statement 
the problem which has been made. Its distinctive value lies its 
emphasis the indirect elements cost reproduction, which are 
the inseparable incidents any actual work. Amateurish valuation 
fails this point: tends limit its scope the inventory 
physical things physical measurements time valuation, ex- 
tending the parts inventoried arbitrary unit prices. The prac- 
tical engineer understands the necessity large allowances for con- 
tingencies, for errors judgment, and for changes detail the 
course construction. Each section road built involves its special 
risks and adjustment local conditions. From the standpoint 
personal experience the writer would reproduce railroad property, 
carrying through all the stages actual construction under 
usual conditions. Not only would include supervision, accidents, 
taxes, and administrative expense, but would make provision for the 
costs capital that must held suspense during the period 
eonstruction; and also for the necessary working capital. 
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assigning the work valuation geographical divisions, under 
consulting expert supervision for right way, signals, and special 
construction, the author keeps his controlling factors co-ordination, 
and gives due weight local conditions. predicating assumed 
interest rate allowance composed half stock and half 
bond financing, ignores the fact that many railroads are financed 
bond issues alone. 

distinction between valuations according the purpose which 
they are intended serve, “valuation” should 
always complete and the same thing, having reference that 
entity which defined the operating income. The law properly 
criticized its provision for valuation less depreciation. 
road, this paper well emphasizes, not aggregate parts, 
but organism parts, progressively integrated and evolved into 
homogeneous whole produce operating income. The physical 
parts have two factors efficiency which, capital, must main- 
tained unimpaired, namely, what may called the current efficiency 
and the life efficiency. year use exhausts year the life 
efficiency, and far reduces the capital value the original plant. 
Income account, through which are made the adjustments maintain 
capital unimpaired, must bear the charge accumulating the off- 
setting reserves from which this reduction life efficiencies restored 
later. Otherwise, the net earnings are overstated the extent that 
they have not made allowance for dissolution the plant. theory, 
net earning figure can reproduce itself indefinitely out the exist- 
ing plant. plant from which depreciation has been deducted will 
not permit the indefinite reproduction existing earnings, and 
valuation based original cost less depreciation, therefore, does not 
represent the necessary capital involved for the continuation operat- 
ing income. 

The author touches lightly the mooted question including 
unearned increment valuation, although this the storm center 
about which most the controversies will arise. the same category 
with unearned are those values the physical property 
representing donations the community, state, nation, and the 
reinvested surplus out questionably excessive earnings earlier 
years. Nor does touch another point sometimes urged—the 
practice carrying the unearned increment through income account 
instead through profit and loss, and thus establishing rate return 
that shall reflect back the capitalization permitted, which practice 
property simple economic society are being complicated: the 
intrusion vast values which are the direct result social produc- 
tion. The analytic methods latter-day bookkeeping are tending 


Eaton. 


Mr. 
Howard. 


240 DISCUSSION PHYSICAL VALUATION RAILROADS 


distinguish these values from those created individual enterprise 
and effort, and relate them the sources from which they spring. 
The problem how make this distinction and how far carry it, 
becomes critical and real issue with railroad property first, only 
because here are gathered, orderly array, vast aggregates prop- 
erty which formulas are more easily applied than the miscel- 
laneous array property held privately. are not ready believe 
that the conditions railroad investment are different make 
them exception this particular, but the question that raised 
first this connection will doubtless extended time include 
privately held properties well those devoted public utility. 

One general criticism this paper, which applies all treatments 
this subject, the author’s indisposition strike the social 
principles involved and his inclination limit the discussion terms 
and concrete phases. The law not illuminating guide. The 
principles valuation are not yet stated known, and while they 
will evolved inductively the concrete studies which the practical 
application the law imposes, nevertheless, would advantageous, 
discussing the matter, have leading thinker like Mr. Wilgus 
intimate the larger social consequences the undertaking. With these 
wider aspects before us, meeting the miscellaneous questions 
they arise, there will built up, not only practical plan valuing 
railroads, but body experience out which will emerge restate- 
ment and more specific definition property. 


Am. Soc. (by letter).—In the text the 
so-called “Federal Physical Valuation” law, the word “physical” occurs 
once connection with classification property. also occurs once 
marginal subheading. The law, however, provides for com- 
plete valuation, including “other values, and elements value, any,” 
and the “present value” “all lands, rights-of-way and terminals.” 

this connection, the writer desires call special attention the 
subject land values; certain important elements which affect 
such values; other elements great importance which affect them 
from railway standpoint; and, very briefly, the question whether 
these latter should considered “land” “intangible” values. 

mere statement facts the existence and importance 
some these elements might appear sufficient, and any argument 
the subject attempt demonstrate self-evident truths; never- 
theless, view recent Court decision, thorough consideration 
the subject would seem order. 

property? The following definition suggested: value market 
value property its greatest actual value for any lawful purpose 
for which may used and for which there demand.” 
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piece ground may have value for industrial agricultural 
purposes, but may high value residential site. Another 
tract may valuable site for wharf, railway terminal, some- 
thing else. Its highest value governs; or, has value for more than 
one purpose and can used simultaneously for both, the sum the 
values will govern—for instance, fertile farming land underlaid 
coal vein. 

Cost Right Way.—Mr. Wilgus calls attention the items 
“severance and other damages, plottage, etc.” 

narrow strip land laid off across the country without regard 
existing boundary lines cannot purchased the price obtaining 
for ordinary farm lands. general proposition, nobody would sell 
such strip, splitting his farm two, for anything like the price 
per acre which would apply the farm whole. Considered 
article commerce, costs more produce it. the ordinary price 
for land must added the depreciation value the remaining 
land, due separation parts and other damages. The Courts recog- 
nize this provisions for damage the residue. The law does not 
allow any general increase land values offset “damages the 
residue”; did, the man with farm near the railroad, but not 
touched it, would receive the full benefit, and have unfair ad- 
vantage over his neighbor who would have such increase deducted from 
his land damages. increase price, therefore, lawful, just, 
and customary. 

When railroad needed, and such strip judiciously located, 
the demand for the property imperative, even such increased 
price. 

Its increased value due its shape, position, continuity, 
elements quite different and distinct from its original value for farm- 
ing other purposes, and having little relation thereto. 

Continuity.—The continuity railway right way undoubt- 
edly most important element its value. right way along 
mountain stream might extremely valuable for railway purposes 
continuous; but blocked some impassable obstruction one 
point, would have value whatever. This, course, self-evident. 

Value for Railway companies have fought each 
other “tooth and toe-nail” for gaps and passes through the mountains, 
and elsewhere. these cases the value for lawful purpose and the 
active demand for same are perfectly evident. Among number 
contests this sort, which have come under the writer’s observation, 
the following instance may cited: 

Two railroad companies located their lines through gap the 
mountains. bought the right way. claimed prior location and 
sought condemn. The lower Court decided for and testimony 
was taken the value the land. engineer for questioned 
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its market value, placed based value its own- 
ers for the purpose for which they proposed use it, that is, for 
the construction railway tunnel. Its value for any other purpose 
would have been mere trifle. The sequel interesting. Road 
being deprived its right way, went ahead with the construction 
longer tunnel another line few hundred feet south the 
main gap. Road completed the tunnel through the main gap. The 
Superior Court appeal decided against Road and Road then 
had two tunnels. 

matter fact, perfectly evident that the value land 
for railroad purposes distinct and important element value. 
One line may worth much more than another line which cost 
considerably more build, its greater value excess cost being 
altogether due its more favorable location, that is, the greater value 
its land for railway purposes. This does not necessarily imply 
difference engineering skill, the first line having first choice the 
selection its route. 

Existing railroads many parts the country occupy natural 
strategic routes which, from the shape the land and the general 
configuration its slopes, are especially adapted railroad purposes. 
present, these routes are great value, and are likely become 
more the future. 

The importance passes and defiles the mountains well known 
engineers; for instance, the New River Gorge, occupied the 
Chesapeake and Ohio Railway; the Ohio River below Pittsburgh; the 
Allegheny, Monongahela, and Youghiogheny Rivers and above Pitts- 
burgh; and the Susquehanna above and below Harrisburg. 

Let any one spread out the sheets the Topographical Survey 
from Pennsylvania Georgia, note the railroads which have recently 
been built, and study the situation carefully. will see how diffi- 
cult, not impossible, will get another low-grade railroad line 
from the Ohio River Chesapeake Bay, any point the Atlantic 
Coast, below Norfolk, without using the tracks existing railroad. 
The James, and Roanoke are the only rivers which cut 
through the Blue Ridge Mountains. the route from Pittsburgh 
the Potomac both banks the Youghiogheny are occupied; this 
also true the Potomac from Piedmont Cherry Run, near Hagers- 
town, Md. Between the and the Chesapeake and Ohio Rail- 
way, are number high ranges running northeast and southwest, 
and lapping past each other like interlocked fingers. From the Chesa- 
peake and New River, southward the Norfolk and West- 
ern Railroad, there are numerous ranges hills and mountains; and 
from Roanoke south Rabun Gap, Georgia, the eastern slope the 
Blue Ridge falls off like the roof house, with the highest mountains 
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the Alleghanies the west, and still farther west lie the Cumberland 
Mountains. 

impossible state how many other railroads would have been 
built from Pittsburgh east, there had been place put them, 
how many and west lines south the Potomac; one would have 
familiar with all the various surveys proposed railroads. The 
knows one company which attempted build west, the 
territory between the Potomac and the Chesapeake and Ohio Railway; 
built short distance and stopped. 

The value ground for railway purposes, its location value, 
well illustrated terminals large city. the busi- 
ness sufficient justify the construction into the city new 
line (B) cost 000, then, matter fact, the value 
the old line (A) entering the city from the same direction and giving 
the same facilities, would not less than $10 000 000, even though the 
cost reconstructing its present location should estimated 
one-half one-third that amount. 

may assumed that the old line, having first choice location, 
cost less physical features construction, including grading, 
bridges, that its land cost less, and that present would cost 
less, valued the basis adjacent property without improvements. 
The new line, however, has buy property with improvements; then 
tear them down, and build its own structures. Stated another way, 
the value existing line evidently not less than the cost its 
reproduction new right way, when sufficient demand exists 
justify the construction additional line; and one will 
invest without expectation increase, this value should added 
reasonable percentage for profit. 

When the business the route will support only one road, any 
special value due its advantageous location not apparent. But 
the business increasing toward the time when may longer 
accommodated the increased number tracks the existing road 
(and only question time when second and more expensive 
line will required), then the value the location the existing 
road, its lands, for railway purposes, may said likewise 
increasing. 

Credit for Location has generally been conceded that 
the owner property entitled its value for any lawful use, such 
farming, building, etc. not the writer’s purpose suggest 
who should with the special value land for railroad 
purposes—the State the railroad—but rather emphasize the fact 
that this value exists. 

How Estimate the Value companies, 
left themselves, might settle the value their lines, including that 
location (or that their lands for railway purposes), the natural 
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process competition, provided they did not combine; but the 
Government decides make complete valuation railroads for 
purposes rate-making, must consider the various elements which 
would fix the value according natural laws supply and demand, 
such the cost construction, number available routes, and 
number roads, tracks, etc., necessary handle the business. 

decides give railroad company the credit (or, some 
cases, perhaps, the debit) the value its location, the adaptabil- 
ity its land for railroad purposes, how may such value determined 
This difficult problem, yet railroad companies have 
solve the past, and, left themselves, will have 
the future. takes investigation, time, and money. consider 
“intangible” rather than land value makes the problem 
easier, attempt made ascertain its amount dollars and 
cents. must remembered also that railroad companies themselves 
have not asked for this investigation. 

The process determining the value location, practised 
railroad companies, simple enough way; but expensive 
and tedious. company desiring build through certain territory 
and finding the natural route occupied another road, makes careful 
surveys and estimates the cost building alternate line. 
costs too much, endeavor made secure trackage rights over 
the existing line. found necessary build the new line, then, 
other things being equal, the excess cost the new line over the old, 
actual computed, may taken the value the location the 
old line, the excess value its land for railway purposes. 

cases where the cost reproduction new right way would seem 
logical method determining the value land for railway 
purposes—in other words, the cost reproducing the right way; 
there are other cases where this method might used check 
side light. probably makes difference whether considered 
“physical,” “tangible,” “intangible,” provided all existing information 
used and every effort made determine its true probable value. 


general principles enunciated the author are interesting, and the 
paper valuable contribution the subject valuation, the writer 
desires take issue with some Mr. Wilgus’ conclusions. 

Since the paper was published, the decision the Supreme 
Court has been made public, and its conclusions have been very far- 
reaching regard the value considered for rate-making pur- 
poses. clearly sets forth that rates should charged reproduction 
value less depreciation, what might called depreciated reproduc- 
tion value. quotation part follows: “When estimate 
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value made the basis reproduction new, the extent exist- 
ing depreciation should shown and deducted.” the significance 
the case was the question rates, there doubt the conse- 
quence the decision that rates should based depreciated repro- 
duction value. 

the following discussion depreciated reproduction value will 
called present value. 

After railway built, renewals not take place once, but 
additions and betterments may made, the cost which should 
charged capital account. Starting with the property new, there will 
gradual depreciation, based the rate depreciation the 
different elements the property. When necessary renew 
the items shortest life, allowance must made for the expense 
replacements. 

Assume that from the beginning operation the railway, the 
earnings have been sufficient pay interest the investment and 
create accrued depreciation fund, which, the end each year, 
equal the depreciation below reproduction value. If, however, 
fund has actually been created, then before renewals start, the net 
income larger than later years amount equal the average 
annual renewals the later period. Advantage may taken this 
paying larger dividends stockholders, the amount may placed 
additions and betterments. The latter frequently done, for often 
railways recently built large number improvements take place. 
either case, the stockholders gain, and there what amounts 
repayment capital invested. 

For property which has never made payments into depreciation 
fund, the yearly replacements must come out earnings. Assume that 
the railway composed large number elements different 
life, such that after certain age reached, the present value re- 
mains constantly the same percentage reproduction value, due 
the fact that replacements are the same amount each year. This 
not special case, large amount railway mileage approaches 
this condition very closely. the property allowed earn interest 
present value, and the cost the annual replacement provided 
for, the rates charged the public will the same depreciation 
fund had been established the beginning, being kept approximately 
equal the total depreciation and earnings continually allowed 
reproduction value. this argument, assumed that the rate 
interest the depreciation fund the same that allowed 
reproduction and present values. The proof the above proposition 
follows: 

Let rate interest allowed reproduction present values; 

rate interest depreciation fund; 
reproduction value; 
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present value; 

annuity required for contribution depreciation fund 
established the birth the property, which fund 
the end certain period will remain equal the 
depreciation below reproduction value; 

value the depreciation fund; 

and cost annual replacements. 


Then the case where earnings had always been allowed re- 
production value and depreciation fund provided, which after 
certain age remains equal the total depreciation, interest the 
reproduction value plus the amount the annuity must provided 
reached age when the annual replacements paid for out the 
fund are constant, well the depreciation fund, follows that 
=A, Substituting for its value, the 
and the amount provided net earnings becomes 
This proves the proposition, the same amount emerges, 
which contended should allowed for net earnings where 
depreciation fund has been provided. seems clear from the 
foregoing that earnings are allowed the present value, together 
with surplus for annual replacements, the property the same 
footing with one which has established depreciation fund annuities 
and allowed earnings reproduction value. 

depreciation fund has been established, should assumed 
that the earnings, which should have contributed such fund, have 
been spent extra dividends stockholders used additions and 
betterments, either which cases the result that repayment 
capital. accomplished the former case direct repayment 
and the latter increasing the reproduction value the property 
without any capital outlay. Besides, the apparent loss value the 
property very much reduced any railway more than few years 
old the unearned increment right-of-way values. The term, right 
way, used, includes real estate and terminal lands. The market 
value such land usually more than the amount originally 
paid for it, and, the case the earlier railways, many times more. 
With the value the right way equal 20% the total value, 
easily apparent that, the case the earlier railways, the unearned 
increment right-of-way values might amount more than 15% 
the value the property. This, with the appreciation grading, 
would sufficient take care the difference between reproduction 
and present values. There may some railways light 
which excess earnings their early life and increase right-of-way 
and terminal land values have not been sufficient balance the de- 
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preciation. such case, the stockholders have simply made poor 
investment. 

provision made the railway company for replacements 
replacement fund such amount that will just wiped out 
the years heaviest replacements, then would equitable 
allow the company net earnings sufficient for interest the present 
value plus interest the amount the fund plus annuity for the 
replacement fund. The same result would achieved allowing 
net earnings sufficient for interest the present value, plus annual 
payment into the replacement fund, interest being allowed ac- 
cumulate the replacement fund, being given the stockholders 
instead for the use their capital the fund. the sum the 
present value and the amount the fund will always approximate 
constant value, the rates paid the should the same general 
average through group years calculated the basis 
present value alone. Also, considering the fund part the 
capital, additions capital account need made for replacements 
their cost will taken out the fund. 

Depreciation not wastage capital its capital value re- 
paid, but, far the property concerned, there diminution 
value. depreciation liability the stockholders, earnings 
should only allowed the present value, for, earnings are 
allowed reproduction value, depreciation then becomes liability 
the rate-payers. 

earnings are allowed reproduction value, and normal deprecia- 
tion treated element the cost operation that covered 
the rate, then, depreciation fund has been created, rates must 
increased depreciation takes place and replacements increase, 
since the reproduction value remains the same. 

there depreciation fund, and earnings are allowed the 
reproduction value, then this becomes the selling value, the latter 
the capitalized value the income. has been agreed the 
author, however, that the selling value the capital invested the 
purchaser should based the present value. follows that earnings 
should based the present value instead the reproduction value. 

For property which has been allowed deteriorate below the nor- 
mal present value, becomes liability the stockholders place 
the structures fair condition the extent the difference between 
the deteriorated value and the normal present value. this case 
the stockholders should penalized reduction interest in- 
vestment sufficient authorize this difference values con- 
venient length time. During this time, the replacements necessary 
bring the property normal condition, would made. Earn- 
ings, insufficient the past take care replacements, would 
mitigating circumstances. 
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The decision the Supreme Court the “Minnesota Rate 
Case” also covers thoroughly the question right-of-way values. 


“The company would certainly have ground complaint 
were allowed value for these lands equal the fair average 
market value similar land the vicinity, without additions the 
use multipliers, otherwise, cover hypothetical outlays. The 
allowances made for conjectural cost acquisition and consequential 
damages must disapproved; and this view also think was 
error add the amount taken the present value the lands 
the further sums calculated that value, which were embraced 
the items ‘engineering, superintendence, legal expenses,’ ‘contin- 
gencies,’ and ‘interest during construction’.” 


This decision seems fair, both the railways and the 
rate-payers. The right-of-way values for the older railways will 
much enhanced over the original cost, and not probable that the 
newer lines will suffer any hardship. The normal increase land 
values, consisting yards, terminals, and right way, after rail- 
way built,.is usually sufficient provide for the extra cost 
right way over the market value the time construction. Some 
actual data, comparing original cost with present market value for 
land values complete railway system, would interesting. How- 
ever, should unnecessary consider this question neglect 
original cost and consider only reproduction value. The present 
values adjoining land have been created account the existence 
the railway itself, and the railway was built the present 
time, the present land values would certainly not obtain. The only 
exception would case another railway existed the same vicinity, 
which fact would also have influence creating land values; but 
any town certain land value when another railway built. 
Nothing can known what the land values would the rail- 
way did not exist. seems expedient well good judgment 
under the allow full market value and more. The 
only other alternative give some consideration original cost 
the fixing rates. percentage for contingencies and interest 
during construction evidently superfluous, has nothing 
with the present market value the land. 

The writer agrees that the ordinary method calculating interest 
during construction unfair the company. this method one- 
half the total interest allowance for the time construction 
taken; two-thirds three-fourths would probably 
correct. this done, however, care should taken that too 
liberal allowance for time construction not made. 

The author’s views depreciation are illuminating, especially 
the subject rails. addition, would well state that rail 
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breakage should also considered, and available statistics this 
subject for each railway studied. 

seems the writer that depreciation general should 
handled only expert. The chiefs ordinary field parties have 
not the experience and ability judge accurately the condition 
structures, and the variations their opinions are too 
order obtain the depreciated value, all structures should examined 
expert and their condition noted. When the inspection made, 
should have the age the structure, such information 
existence. The percentage depreciation can 
noted the age known. 

view this discussion, conclusions indicate that the recent 
Supreme Court decision the Minnesota Rate Case, regard the 
basis for the valuation railroads, fair both the railway com- 
panies and the rate-payers. From the arguments and facts does 
not seem possible that any other basis for rates than that present 
value with right way included market value adjoining lands, 
could made without gross injustice. 


valuation common carriers made the Interstate Commerce 
Commission promises such great importance both the 
public and the railroads, and opinions the proper principles 
followed vary greatly, that Mr. Wilgus’ paper most timely. 

The author has given clear presentation his views, and the 
force many the arguments admitted, but the writer seems 
that the railroads have generally received little more than the benefit 
the doubt. Thus seems proper enough that some allowance should 
made for solidification embankments, but advocate that such 
allowance shall equal the estimated cost compacting the embank- 
ment earthern dam would compacted the time its con- 
struction, does seem rather arbitrary. also certain that 
the surfaces cuts become seasoned time, that the trouble from 
slides and filling ditches materially less old than new 
cut, and that the appreciation the cuts may bear close relation the 
cost maintaining the slopes from the time construction until they 
become fairly stable; but the appreciation the cuts somewhat less, 
and not equal the cost maintaining them during the period settle- 
ment, some cleaning ditches will always required. However, 
where the difference between the two values small, seems the writer 
reasonable and fair give the railroads the benefit the doubt, 
taking into account the fact that, some cases, valuation for rate- 
making purposes may work hardship innocent investors. The au- 
thor, however, appears claim that even additional allowance, 
equal the cost establishing vegetation artificial means, should 
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made where the cuts have become covered with vegetation which 
protects the surface. This claim seems clearly against the funda- 
mental principle that physical value determined the cost 
reproducing the property its present condition, under the assump- 
tion that the natural topographical conditions along the line are 
they were the time when the road was built, while, other respects, 
the conditions are taken they exist to-day; under this theory Nature 
may logically assumed re-establish vegetation places where 
has established such vegetation the past. 

appears writer that most appraisers would make some 
allowance the physical value for interest during construction, cost 
promotion, banker’s commission securities (but not discount 
bonds), contingencies, and similar items, that the difference 
opinion regarding these items would confined mostly the ques- 
tion the proper allowance make for each. This the writer does 
not consider himself qualified further than state that 
would seem reasonable assume that examination the books 
recently built roads would disclose data from which these items 
could estimated quite closely. 

There remains one fundamental question which the writer differs 
with the author, namely, whether the proper physical value 
for rate-making purposes should determined the cost repro- 
duction new, whether deduction should made from this value 
cover depreciation. 

long agreed that depreciation shall included main- 
tenance, and that the renewals shall charged operating expenses, 
seems clear that the physical value for rate-making purposes the 
cost reproduction new, less depreciation. illustrate this con- 
tention may assumed that certain road was built unit. 
When new, the physical value equalled the cost reproduction new, 
since depreciation had occurred. After the road had been service 
for one year, certain depreciation took place, but this depreciation 
was part the operating expenses for that year, and may as- 
sumed have been placed special depreciation fund. this has 
been done regularly, there will exist the present time fund made 
yearly equal the depreciation for each year less 
the cost renewals made the period considered, and this fund should 
equal the depreciation the road exists to-day. The road under 
consideration clearly entitled return the cost reproduction 
new without any deduction for depreciation, but the depreciation fund 
may logically assumed invested such way earn in- 
terest itself, and the net earnings from operation need only 
large enough provide for return intangible values, any, and 
the cost reproduction new, less depreciation. 
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granted that such fund rarely established, but this does 
not alter the case; simply means that the stockholders have drawn 
out the road more than was really available for dividends, and have 
thus reduced their investments the property amount equal 
the depreciation. long the property kept good condi- 
tion, objection can made the withdrawal money which, 
sense, belongs depreciation fund, because the average condition 
well-maintained road any magnitude differs but little from 
year year, and will never necessary, even possible, renew 
all the property during one year. 

maintenance expenses are considered connection with the re- 
turn physical value, will still clearer that depreciation should 
subtracted from the cost reproduction new, order determine 
the physical value which return may expected. this not 
done, then two roads, and for which the cost reproduction 
identical, will entitled the same return their physical values, 
although may fairly new road and excellent condition, while 
may old and run down. Under such conditions the maintenance 
expenses, and, for that matter, the operating expenses too, would 
far heavier than and, the roads are entitled earn 
maintenance and operating expenses addition return the 
physical value, the result would that the poor road, would 
entitled far larger earnings than the good road, which shows 
clearly enough that something wrong with the basic assumptions. 
fact, the writer sees it, there doubt but that the physical value 
should determined the cost reproduction new, less depreciation. 

connection with the question depreciation, would seem that 
average depreciation, rather than actual depreciation, should used 
the majority cases. attempt was made base the value 
for rate-making purposes partly the actual depreciated value the 
physical property, would mean that the task revising the valuation 
order keep date would almost impossible account 
the multitude items involved. addition, the writer believes 
that the result obtained assuming that, say, all the untreated pine 
ties fairly large road had present value equal 50% the 
value new, would more nearly correct than that arising from 
attempt estimate the depreciation each individual tie, although 
still closer value might obtained estimating the average de- 
preciation, bearing mind that the depreciation would 50% 
and the minimum and maximum depreciation, say, respectively, 
and per cent. 

average depreciation instead actual depreciation was used 
determine the physical value, the result would tendency toward 
stability rates, field and office work would greatly reduced, and 
the task keeping the valuation date would made practical. 
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admitted, however, that the actual depreciation buildings 
and structures should determined, not only because required 
law, but also because will furnish guide establishing average 
depreciation different classes structures and analyzing mainte- 
nance expenses, the writer’s belief being that average maintenance 
expenses must ascertained step necessary the determination 
intangible values, any. 

As, theoretically, abandoned property must paid for out the 
depreciation fund, obvious that such property spur mine 
which has been worked out, should only given nominal value. The 
same would necessarily apply stretches roads having such curva- 
tures and grades make impossible operate trains economically 
over them under present conditions, bridges which are too light 
present rolling stock, This, however, should definitely 
settled and understood, else the natural result would postponement 
very large part desirable improvement work along these lines, 
pending the completion the valuation. 

the writer seems that the value for taxation purposes may 
differ from that for rate-making purposes, but not certain 
that would impossible distribute the several items value 
between physical and intangible values way that logical, and, 
the same time, leaves the physical value the same, matter for 
what purpose intended. were possible, this plan would 
highly desirable tending give the valuations proper standing with 
the general public. requires, however, that the method used 
estimating the intangible values determined, and greatly 
hoped that some member the Society will present paper deal- 
ing with this subject. 


masterly manner which Mr. Wilgus has covered the subject the 
physical valuation railways has left little room for further discus- 
sion. the writer’s professional experience, however, has been con- 
fined solely the building railroads, few points which occurred 
him reading this valuable contribution the pressing sub- 
ject now before the Interstate Commerce Commission and the rail- 
ways may interest. should stated, however, that the writer’s 
experience has been the commercial practical field, and not 
the political academic work valuation for taxation rate-making 
purposes; therefore, his views the general subject may biased. 

Although the purpose the Federal Act for the physical valuation 
railroads not stated specifically that Act elsewhere, neverthe- 
less, appears for one both the following purposes: 
(1) For rate-making regulation purposes; (2) ascertain the value 
the railroad properties with view determining their present 
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physical appraisement for the ultimate purpose Mr. 


ownership. 

either these views true, then the “original cost date” 
mere bookkeeping task with the evident purpose checking the re- 
sults obtained the engineering method “cost reproduction new” 
and “cost reproduction less depreciation.” The “sale method” may 
dismissed from consideration, because, Mr. Wilgus states, can 
used for taxation purposes only and hence State and hardly 
Federal question. 

Mr. Wilgus has stated the difficulties encountered in. obtaining 
the “original cost date,” and accountant engineer may well 
shudder the task ascertaining only the most general way the 
original cost some the earlier railroads, many which have been 
rebuilt entirely different alignment and right way, the original 
roadbed having been obliterated the elements and become part 
the landscape and topography. What possible value can such ap- 
proximation the original cost railroad, with additions and better- 
ments and improvements added date, the Federal Government 
what standing will have Court? fact, what can engi- 
neer consistently testify the “original cost date” except only what 
the books the railroad company show? 

seems the writer, therefore, that the only admissible method 
valuation the “cost reproduction new” “less depreciation,” 
and agrees with Mr. Wilgus’ theory that the proper valuation for 
rate-making and regulation purposes the cost reproduction new, 
the depreciation, any, being taken care the owners and stock- 
holders liability. the other hand, the valuation for the 
purpose taking over and purchasing the railroad, then the deprecia- 
tion should considered only the extent required each railroad 
under consideration. this point that the experienced railroad 
engineer may use his judgment. The writer acquainted with many 
roads which are maintained first-class manner and would not 
all fairness have any deduction for depreciation, because their general 
condition for the purpose the public good as, not better than, 
when was new, viewed and appraised broad and equitable 
light. Speaking academically, admitted, however, that each and 
every tie, panel, track, other detail construction, not new, 
and, therefore, from percentage standpoint, not “100 per cent. new.” 
here that the fallacies theoretical tables, based the life 
construction detail unit, and purporting give its money value for 
each year its life, are evident, when the railroad whole, 
operating plant for the benefit, being considered. 

Another railroad which inspection shows physical depreciation 
the extent that repairs roadbed, bridges, and buildings are re- 
quired, may well have “less depreciation” deducted from its repro- 
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duction cost the extent that the engineer may estimate, not, however, 
counting the bad ties, but estimating carefully what required 
place the road proper condition order handle its particular 
traffic economically, and here must remembered that the 
the Pennsylvania Railroad requires higher standard roadbed 
efficiency than short line outlying district with light traffic 
density. this not example one the “elements” entering into 
railroad valuation respect the “less depreciation” item? And 
not the point view taken the valuation engineer that 
must apply different standards different The writer 
can well imagine the inexperienced man acquainted only with the 
maintenance-of-way standards the Pennsylvania Railroad, other 
Eastern railway, being detailed value some Southwestern line. 
Would not unconsciously estimate his “depreciation” Eastern 
standard and thereby injure the Southwestern 

The writer has discussed the depreciation method because, since 
Mr. Wilgus’ paper was published, the Supreme Court has ruled, 
the Minnesota cases, that must considered, and although the 
writer has been the opinion that should rule only roads under 
bad repair, are now confronted with the valuation the best 
roads, and seems that, considering depreciation broadly and hav- 
ing always mind the traffic each, and, doing, particu- 
larly avoiding formulas, bring ourselves under the Supreme Court’s 
decision. 

Passing the details cost “reproduction new,” which must 
first determined, regardless depreciation, seems the writer that, 
general way, such cost can estimated. will closer, perhaps, 
than estimate construction cost based careful final location, 
but, nevertheless, estimate which, far graduation and 
masonry are concerned, not nearly close the “final” estimate 
the actually constructed roadbed. The masonry cannot always 
reached measured. The excavations for foundations and classes 
material thus encountered cannot seen, and many like quantities 
construction determined all the absence plans, and 
actual records construction. the more recently built railroads 
these may found, but, the writer’s knowledge, such records 
exist many miles lines, the construction staff having been dis- 
pensed with before the construction facts were recorded. 

Sometimes the classification and overhaul graduation quantities 
can only estimated the crudest possible manner. The fact that 
cuts are many years old prevents the most experienced eye from 
judging the original classification. Loose débris has slid down, cover- 
ing the original roadbed walls, weather has changed the character 
classification the visible material, giving hardly hint the 
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graduation originally moved, and hint all 
the quantities classified material. respect overhaul, the 
original method handling the work should known. What sort 
plant was used, whether scrapers, wagons, cars. Here, again, 
the engineer, inexperienced with the locality which detailed, 
may fall into error assuming the use grading plant inconsistent 
with, and expensive for, the original work. 

The writer has mentioned some the units construction which 
cannot merely inventoried measured, but must estimated, and, 
consequence which, the personal equation will enter into the valua- 
tion large degree, requiring eternal vigilance and care the 
part the valuation engineers, order that their estimates may not 
overthrown the Courts the testimony the experienced and 
expert engineers the railroad companies. 

Referring some units construction which can measured, 
engineers are sometimes confronted with the unit prices 
placed them. values are the most important these, and 
the writer agreement with Mr. Wilgus’ expressions respect 
using stated multiplier the normal market value determine 
generally the cost the railroads, which known excess 
other land purchases; compelled, however, change the method, 
but not his original opinion, the Supreme Court’s ruling the 
Minnesota Rate Case, where decided against the use formula 
factor for determining the cost lands. This decision leaves only 
the alternative using the normal present market value, but 
abundant proof offered the actual amounts paid good faith for 
land the railroads, the writer cannot but believe that such costs 
land will admitted. 

“Engineering,” the writer’s opinion, has generally been estimated 
too low, and far his experience shows, has been varied from 
10% the cost the railroad proper, depending the locality and 
topography, well the speed which construction progressed. 
the case physical valuation, the construction must necessarily 
assumed have continued without interruption due lack funds 
other causes, otherwise wide door opened for varied and excessive 
engineering expenses. seems equitable, however, make due allow- 
ance for such delays they occurred during the construction par- 
ticular railroad. 

item which, Mr. Wilgus suggests, must 
given due consideration, and dependent the individual cases 
presented the railroad valuation. 

Such minor items insurance, stationery and printing, can 
taken care valuation engineer better manner than that 
suggested Mr. Wilgus, but “law expenses” item that cannot 
readily estimated comparison with the like expenses other rail- 
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roads, because these expenses vary with each railroad and with the 
necessary legal work that was should performed connection 
with railroad construction. general thing, the writer the 
opinion that law expenses have not heretofore been estimated liberally 
the facts and known expenses seem warrant. Some railroads. 
through the selection contested route, through contractors’ diffi- 
culties, have experienced heavy charges for legal services during con- 
struction. When railroad valued for the cost reproduction new, 
assumed that legal difficulties this nature had been 
encountered? so, just and equitable valuation for this item has 
not been made. 

and Commissions,” which cover the interest the money 
invested the railroad property presumably until such time the 
railroad completed, operation, and becomes self-sustaining, and 
bankers’ and underwriters’ commissions, are items susceptible 
division opinion and many interpretations, when placing valua- 
tion railroad property. 

the writer’s opinion, discount bonds, near may 
determined the probable credit the railroad being valued, should 
unquestionably allowed for, part the investing public’s 
risk assumed purchasing the securities new company, and the 
interest which, therefore, should paid for the shipping public 
the shape the rates based the total valuation the railroad 
property, which should thus include the discount the bonds. 
one hand have small road with poor credit, the original construc- 
tion bonds which sold, say, 60%, while the other hand there 
subsidiary line the Pennsylvania Railroad, for instance, the 
bonds which, issued for construction purposes, would probably bring 
par the investing public. the consideration the commissions 
and discount item the valuation these two extremes, should not 
this taken into consideration the extent allowing discount 
the case the Pennsylvania Railroad and 40% for discount 
added the valuation cover the legitimate risk taken the investor 
the small railroad company’s bonds. The thereby will pay 
very small fraction the interest the 40% increase valuation, 
the shape railroad rates. The only alternative would that the 
public guarantee the interest the bonds issued the smaller com- 
pany, that such additional credit they would bring par and 
price equal those issued the larger railroad with its good credit. 

The interest during construction, course, more readily obtain- 
able multiplying the estimated period construction the prevail- 
ing interest rate and dividing the average period time which 
all the money was used, which, for practical purposes, has been taken 
two, the theory that the money expended during construction 
has been regularly distributed over that period, that the average 
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interest one-half the total amount. quite possible, the 
other hand, that the money expended during construction has not been 
evenly distributed permit this course. 

within the writer’s experience where the graduation was 


comparatively light, heavy expenditures were made for right 


and the rails and fastenings were shipped the early stage con- 
struction, with sight drafts against delivery, that something like 
80% the cost construction was expended the early months. 
The remainder, consisting bridges and buildings, was built after 
the track was laid, resulting the fact that 25% the payments were 
not actually made until months after 75% the expenditures were 
made. 

believed, therefore, that there wide latitude the con- 
sideration the “interest and commission item” which errors and 
omissions may enter, the manifest injustice the investing public, 
the one hand, and the shippers, the other, rate-making and 
regulation based the valuation. The writer aware that some 
authorities have questioned the allowance interest and commissions 
valuation all. those would suggest that, the establish- 
ment unit prices for contract work any character any 
locality, there contained this very item which universal trade 
condition and must recognized. The contractor obliged borrow 
money from his bank carry his contract work, his monthly 
estimates are admittedly not sufficient carry his investment for plant 
and like purposes during its earlier stages. pays the highest rate 
interest, and reimbursed for these interest payments the 
shape percentage added his unit prices. many cases the 
contractor obliged pay commissions, and this also reflected 
added his bid unit prices made the railroad company. There- 
fore, the railroad company reimburses the contractor for interest 
and commissions, although they are hidden the unit prices, why 
should not the railroad have added its cost the valuation its 
property the authorities the item “interest and commission” 
transaction between the railroad and its banker instead transac- 
tion between the railroad company’s contractor and his banker? 

The writer pointing out some the items that have come under 
his experience railroad construction, and have been practical ones, 
with the view promoting further discussion Mr. Wilgus’ paper 
from those members the Society who have had charge have been 
connected with State railroad valuation the past, that broad 
light may thrown the subject for the benefit those who are 
charged with the Federal valuation railroad properties. 

the valuation equipment, Mr. Wilgus suggests that each unit 
need not viewed personally the expert appraiser. Nevertheless, 
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would appear advisable for the appraiser inspect many the 
equipment physically possible for him do. 

The writer’s theory equipment, motive power especially, 
subject heavy wear and depreciation not always the ratio its 
age, because one locomotive car equal age and original con- 
struction may have performed greater mileage, may not have 
well another, and though believes that de- 
preciation the roadbed and structures must regarded the gen- 
eral way single proposition, feels that the equipment can, 
actual inventory, valued with the depreciation deducted and obtained 
more exact manner. the same time, the general 
overhauling and repairs made equipment should given the most 
careful consideration. Though the life engine may taken 
given number years, nevertheless, this life may lengthened 
systematic and careful general repairs and overhauling, which, the 
case many railroads, has been done. The past history equipment 
that becomes obsolete rather than worn out. Its physical life 
longer than its economic life, and not all improbable that the 
latter should taken into consideration the value equipment. 
That say, the unit value car 100000 lb. capacity greater 
than one 000 Ib. capacity because the greater operating efficiency 
the former, 

The writer the heartiest accord with Mr. Wilgus giving due 
consideration and valuation the preliminary organization expenses 
which are necessary incidents the construction any railroad. From 
the writer’s knowledge, there have been instances which these pre- 
liminary organization expenses have legitimately run into amount 
equal 20% the cost construction, and believes that where 
railroad company can show proof that such preliminary expenses 
have existed, they should allowed the valuation. 

conclusion, the writer recognizes the legal limitations within 
which much the physical valuation railroads has heretofore been 
undertaken several the States. believes that though much 
the information gained will value the Federal valuation, 
nevertheless, there are many additional items which may well taken 
into consideration the Interstate Commerce Commission. refers 
more particularly the so-called intangible values. Some the values 
that have been called intangible are not, his opinion, all intangi- 
ble, and will close mentioning one very tangible item thé value 
railroad, with the hope adding the discussion further re- 
marks the subject. 

The profile railroad has tangible value and, therefore, should 
considered the physical valuation any railroad property. 

The economy the operation railroad plant depends great 
many items, the principal ones being fuel, labor, and the profile. Labor 
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are becoming practically uniform throughout the country, 
the cost fuel varies considerably. item entering into the cost 
railroad operation has greater bearing than the profile, and, 
therefore, why should not the railroad, which, advantages location 

the efficiency shown the location surveys obtaining lower 

grade line than another railroad, have this advantage expressed the 
valuation 

The writer has knowledge two railroads connecting two industrial 
centers. One these has grade line much lower than the other 
that the “movement expenses” cost conducting transportation 
not more than one-half that the other road, not wisely 
fortunately situated. Should not the road the lower gradient 
given consideration the valuation over the road heavier grades? 
valued for commercial purposes, the low-grade line would assuredly 
valued higher than the railroad higher grade, because its net 
earning capacity greater. 

the profile the road physical feature, would seem that 
valuation could placed thereon. The writer not prepared say 
this time just how, but that some equitable basis could arrived 
for determining the profile value railroad quite certain, and 
hoped that this subject least will bring forth answer from 
Mr. Wilgus. 

The physical valuation railroads now being undertaken the 
Federal Government affords great field for engineers general, and 
for members the American Society Civil Engineers particular, 
and behooves them study the problem carefully with the view 
obtaining uniform methods and equitable results, and for such study 
better text has been offered than the paper Mr. Wilgus. 


railways and other public utilities differ radically many impor- 
tant principles, such, for example, the propriety using present 
unit prices prices that are the weighted average during term 
years. The writer has found that most these differences opinion 
spring from differences hypotheses the political status 
public utilities. discloses two distinct hypotheses, theories, 
which, though rarely reduced words, exist more less definite 
form the minds appraisers. These two theories may called: 


The Agency Theory; 
The Competitive Theory. 


According the Agency Theory, every public service company 
agent authorized render certain kinds service, and entitled 
recouped for all reasonable expenditures and costs plus fair 
profit. 
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According the Competitive Theory, every public service company 
authorized render certain kinds service, and entitled 
collect what the traffic will bear under more less competitive con- 
ditions. 

needless, perhaps, point out that, until recent years, Amer- 
ican railways were not subjected regulation according the Agency 
Theory, but were “regulated” the natural laws commerce. Grad- 
ually, however, the Agency Theory regulation has been evolving, 
but has not yet attained general application. still see the Federal 
Government attempting apply the Competitive Theory railways, 
forcing the dissolution so-called “competing lines”; while, the 
same time, the most “progressive” States are attempting apply the 
Ageney Theory. The Public Service Commission the State 
Washington recently authorized the consolidation certain telephone 
companies, and scarcely was the consolidation effected before the At- 
torney General the United States began action, under the Sherman 
law, “unscramble” the consolidated companies. 

Two political theories, therefore, are now struggling for 
and happens that these two theories vitally affect the principles 
applied the appraisal railways and other public utilities. 

According the Agency Theory, the “value” public utility 
property the reasonable actual investment capital the property. 
This includes the investment the physical property and the invest- 
ment the “residual development cost” (the unrecouped deficit fair 
return the investment). 

According the Competitive Theory (when logically applied). the 
value the property the cost its reproduction present prices, 
minus the capitalized difference annual cost production with the 
existing plant and with the most modern plant which would give the 
same service, plus the capitalized value the profits derivable from 


the plant during the remainder the company’s franchise charter. 


Briefly stated, this “value” depreciated value plus franchise going 
concern value. 

Although there large element injustice suddenly dropping 
the Competitive Theory—a theory under which railways have long 
operated and under which many stockholders have invested—the 
recent history public regulation makes quite clear that the Agency 
Theory destined adopted. the transition period, however, 
shall have mixture the two theories—a sort compromise 
theory. 

The State which has gone furthest toward the adoption the 
Agency Theory Wisconsin. find the Wisconsin Commission, for 
example, including the “going value” development cost (equal 
the residual deficit fair return) part the total “value” for 
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rate-making purposes. Also, refuses allow the cost pavement 
laid over water pipes, unless the water company itself has paid for the 
pavement. Likewise, averages unit prices over term years, and, 
where construction has been piecemeal, uses piecemeal costs. Each 
these four rulings directly accord with the Agency Theory, 
and directly opposed rulings some Commissions and Courts 
other States where the Competitive Theory may said prevail. 

Mr. Wilgus gives powerful reasons favoring the use cost re- 
production new the “value” for rate-making purposes. The recent 
decision the Supreme Court the Minnesota Rate Case 
adverse this contention. The Court rules that depreciated value 
must taken the “value” for rate-making. Unfortunately, the 
railways involved the Minnesota Rate Case presented their side 
poorly that the Court did not have either adequate evidence well- 
prepared argument many vital points. Thus, there was evi- 
dence the development cost the railways. Again, depreciation 
was calculated the State’s engineer according the “straight-line 
formula”, and the railways did not have the acumen put “the boot 
the other foot” demanding that annual depreciation fund 
the same basis. Had this been done, would have been 
shown the Court that the current maintenance expenditures were not 
sufficient cover both the repairs parts and the depreciation 
entire plant units. Several other important errors were made the 
railways presenting their case, but these two are mentioned merely 
indicate that the precedents established the Minnesota Rate Case 
should not taken final any means. 

The author entirely right saying that depreciated value 
not rational basis for rate-making. Under the Agency Theory, 
new public utility company starting to-day would entitled 
fair return its actual investment, and would lead “confusion 
worse confounded” were part that investment “written each 
year because depreciation. The thing could done, but useful 
purpose would served doing it, while, the contrary, rates 
charge for service would fluctuate with ever-changing depreciated 
value. There good deal “horse-sense” the illustration used 
attorney who argued that the price milk not function 
the age the cow, growing less the cow grows older, until 
would almost given away the latter days the cow’s life. What 
the provident owner cow does charge price for milk which 
will give fair return the investment (not the depreciated 
value) plus enough cover “operating expenses”, including deprecia- 
tion. Should the cow purchased another dairyman, true 
that would pay for depreciated basis, but the depreciated 
value would such that, during the remainder its life, the same 
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price for milk would yield both fair return the lower price paid 
for the cow and enough cover “operating expenses”, including the 
remaining depreciation. 

The Agency Theory applied new railways will unquestionably lead 
the use the actual cost the property the rate-making basis, 
for not rational burden the present, order relieve the future, 
patrons the road, would occur depreciation were “written off” 
and rates were based depreciated value. But what shall said 
the application the Agency Theory old railways which now, 
for the first time, come under the actual application this theory? 
The writer believes that justice demands the most liberal treatment 
public utilities, particularly this transition period. Certainly, 
not liberal appraise for rate-making any the property 
railway less than its cost new. Moreover, use the depreciated 
value for old roads would apply policy that would not applied 
new roads, rate-making. course, may contended that the 
owners may thus paid twice for accrued depreciation, because they 
have already taken out dividends enough yield fair return plus 
enough cover the accrued depreciation. Even were this so, should 
not lose sight the fact that the present owners were not the original 
owners; and they had way foreseeing the advent this new 
theory—the Agency Theory. The writer, however, confident that 
analysis the ledgers all railway companies, far back 
accounting records are obtainable, will disclose that the residual de- 
velopment cost sufficient wipe out all accrued depreciation, and 
more too. Development cost not, commonly supposed, matter 
ancient history; for the truth that almost every extension 
railway involves development cost (deficit fair return). sooner 
has the average railway “nosed out” its development period than 
makes addition which plunges into another 
development period, the surplus from the old investment being swal- 
lowed the deficits the new. Can there any doubt, for example, 
that the great, new terminal the Pennsylvania Railroad, New 
York City, cause deficit present, far that terminal 
concerned 

This matter development cost leads another phase the 
subject appraisals. Mr. Wilgus says: 

“With rare exceptions, extremely doubtful that the books and 
records the railroads the United States will found de- 
pendable for the purpose ascertaining present-day fair values. Only 
recent years have cost accounts been kept uniform and com- 
plete manner, and even then the almost universal tendency has been 
understate charges construction, and additions and betterments.” 


The writer does not agree with the author, either that correct rail- 
way accounting recent origin that the records are not depend- 


= 
: 


DISCUSSION PHYSICAL VALUATION RAILROADS 263 


able guide for appraisal purposes. recognizes that old records 
are not always complete, but the gaps are surprisingly few most 
cases, and not difficult fill estimates which cannot possibly alter 
the totals very appreciable amounts. The railways America would 
err seriously were they not conduct the most thorough analysis 
all their old records. Their first great error would their failure 
demonstrate what their development costs have Development cost 
(that is, deficit fair return) cannot proved satisfactorily except 
from accounting records. Their second great error would occur through 
failure find all the elements physical value created necessary 
expenditures which cannot seen with the eye. This, may said, 
can covered adequate allowance for but, who 
knows what adequate? The writer had occasion appraise large 
property which had been previously appraised engineer who had 
added 10% for contingencies, but whose appraisal still fell short, 
20%, the actual cost the property. Failure hunt for and 
analyze the accounting records was the bottom this serious under- 
estimate. The company was consolidation more than dozen 
smaller companies, and the earliest accounting records were nearly 
years old. Were the earliest these records valueless present- 
day appraisal? Some, true, were minor worth, but they covered 
minor elements value. Nearly all the records served throw light 
elements present-day value which, otherwise, would not have been 
discovered. 

this connection, may added that the maintenance records 
should also analyzed, for true, the author says, that perfectly 
correct accounting has not invariably existed. Minor expenditures, 
which should have been charged property account, have not infre- 
quently been charged maintenance, and the sum these minor 
expenditures thus charged may quite considerable. Conversely, 
abandoned superseded property has not always been charged 
tenance, but occasionally has remained the property account. This 
particularly true abandoned railway roadbed. careful analysis 
the construction and maintenance accounts, guided the appraisal 
physical property now visible, will result invariably the discovery 
values which otherwise would not appear the appraisal. Not 
only will additional quantities thus found, but larger unit prices 
will deduced; and this connection may well add that 
unit prices should not those obtained under rather favorable con- 
ditions, but under average conditions. favorable condition, for ex- 
ample, would “summer work”. Winter work unfavorable con- 
dition, but one which often imperative railway construction, 
keep down the interest and development cost. The history 
the Northern extension the Coast shows that times 
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almost many men were engaged shoveling snow shoveling 
earth. was such conditions this, coupled with other unforeseen 
difficulties, and followed much greater development cost (deficit 
fair return) than was anticipated, which threw the Northern 
into bankruptey not long after its completion the Pacific 

recent appraisals made the writer, has been his practice 
allow for contingencies where the construction ledgers were all 
available, but where the original records physical quantities were 
rather meager. both ledgers and engineering records quantities 
are fairly complete, the allowance for contingencies may safely elimi- 
nated, provided liberal unit prices are used. should remembered 
that contingency factor automatically introduced whenever liberal 
prices are adopted. 

Regarding brokerage fee, the writer agrees with the author its 
inclusion part the cost; but, course, the same end may 
obtained the rate fair return made high enough allow for 
all the discount bonds, including the brokerage fee. This last view 
was that taken the Washington Railroad Commission when the 
writer was its chief engineer, and the view now taken most 
the State commissions. 

Interest during construction should certainly calculated all 
land well other physical property. The writer was not 
direct charge the appraisal the land for the Washington Railroad 
Commission, and, therefore, did not any the overhead 
charges it. fact, overhead charges the land appear the 
final land values fixed the Commission. possible that overhead 
costs land were omitted, else that they were included the 
“right-of-way multiples”. The writer calls attention this particular 
case for two reasons: First, because believes mistake not 
put the entire appraisal all railway property under the direction 
the engineer charge. Second, because the writer’s total overhead 
charges the plant, exclusive land, have often been divided the 
sum total plant, inclusive land, giving erroneous result when 
taken indicate the total percentage allowed him for overhead 
charges. The author one book appraisals and many writers 
articles have unwittingly been led into this error. 

This not the only kind error which has been committed 
writers comparing the percentages for overhead costs allowed 
different appraisers. For example, one appraiser may estimate 
for business management, and another would include this item the 
unit price and, therefore, not show business management separate 
overhead cost. Many railway construction contracts have been entered 
into with managerial contractor “cost plus 5%” basis. The 
recorded contract prices are then sub-contract prices. appraiser 


DISCUSSION PHYSICAL VALUATION RAILROADS 265 


may either use these sub-contract prices and subsequently add 
business management item among other overhead costs, may 
increase all the sub-contract prices calling them contract prices, 
and show nothing separately for this business management. One needs 
know the method used appraiser arriving his unit prices 
before one can interpret correctly his estimates overhead costs. Not 
few appraisers “bury” many the overhead costs, leaving but part 
appear specifically such the final summary. The present prac- 
tice the writer show all overhead costs separately. They com- 
monly total fully 25% the cost the property. 

previously stated, the Washington Railroad Commission restricted 
its engineer consideration plant value only, exclusive land. 
Hence, working cash capital, brokerage fee, and development cost did 
not appear among the items estimated the writer. The Commission 
listened more less testimony the railways “going concern 
value”, but announced its conclusions without stating any definite 
theory non-physical values. This failure delegate its engineer 
the study all elements value one which the writer regrets ex- 
ceedingly. The equally mistaken thinking that de- 
termination non-physical value was not engineering problem; 
consequently, they did not make satisfactory presentation their 
non-physical all subsequent appraisals, the writer 
has insisted having full charge the entire including 
determination land values, analysis accounting 
records, Some one with technical training should always placed 
full control any appraisal which used basis for 
rate-making. example were needed illustrate this point, 
could found the Minnesota Rate Case, where the com- 
panies erred seriously through not having the entire 
their case directed engineers. The natural tendency railway 
company ask each department prepare its part the data, and 
the result more less confused mass facts—often which 
because their incompleteness because the incorrect use 
terms. the Minnesota Rate Case, both “right-of-way multiples” 
and “overhead charges” land were thrown out the Supreme 
Court. The inconsistent use words and lack proper definitions 
terms account much anything for this erroneous ruling, for 
the Court was attempting use symbols which did not fully under- 
stand, and did not understand because they were not clearly and prop- 
erly defined any witness. 

would seem that attorneys would ‘always see that least 
the definitions technical terms would precise, and that witnesses 
would adhere definitions; but attorneys themselves are often 
lost when comes the use engineering and other technical lan- 
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guage; that, technical rate case presented properly 
those who have been taught engineers use technical terms prop- 
erly and always with the same significance. 

When railway appraisals first came used for rate 
regulation, all, except engineers, regarded appraisal being some- 
what analogous merchant’s inventory stock hand—a very 
simple, though often laborious, process. Gradually has become evi- 
dent, even non-technical men, that appraisal for rate-making 
purposes exceedingly technical and complex. When realized, 
also, that rate-making based cost even more technical than ap- 
praising property, shall have end the “hot testimony 
rate experts who are experts only fixing rates “as high the traffic 
will bear.” 

Appraisal and rate engineering has already become one the many 
branches engineering.. The engineering specialist this line should 
primarily logician, skilled the use language and the science 
reasoning. should thoroughly acquainted with the general 
principles economics and particularly with the principles engineer- 
ing economics. should well informed the decisions 
State and Federal rate-regulating commissions, well Court de- 
cisions bearing valuations and rates. should personally 
acquainted with specialists many lines, that may select men 
competent give any desired information. should thoroughly 
grounded, not only the principles accounting, but the mechani- 
cal details public utility accounting. should incessant 
student the new phases his specialty and unit costs con- 
struction and operation. Executive ability also essential him, but 
need not high order that required one who con- 
stantly directing large enterprises. needless, perhaps, add 
that his character should such that would make impartial 
judge. Obviously, man can attain the ideal this, any other, 
branch engineering; but, least, those who employ appraisal and 
rate engineers should aim secure men who are idealists rather than 
for this not profession where mere advocates will 
survive. 

with Wilgus his conclusion “that the cost repro- 
duction new appears the only measure of. physical value that 
places all railroads the same plane, and the only one that provides 
for the inclusion every element cost that enters into the creation 
going railroad,” but cannot agree that has taken the correct 
view depreciation. 
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true that well-maintained railroad the deprecia- 
tion track and structures does not lessen its capacity carrier 
perform the work for which was created, nevertheless, the mone- 
tary value railroad with track and structures representing 55% 
the service that would obtained from railroad with all its parts 
new (all other conditions being unchanged), less the amount 
the depreciation. the capital originally placed the track and 
structures, 45% has been consumed. The replacement this capital 
can effected practically only the creation depreciation ac- 
counting with credit which all times will equal the accrued 
depreciation. The depreciation fund properly accumulated from 
value (just working capital is) which enters into the total value 
the railway property whether that value being ascertained for 
the purposes sale rate-making. The value the physical 
features any railway property any time is: 

The total cost reproduction new, less the accrued depreciation 
those parts affected, plus the accrued appreciation those parts 
affected, plus the amount the fund provided for the renewal 
the parts which depreciation has accrued. 

many the existing railways depreciation fund, set 
now the accounting, would cause shown profit and loss deficit 
which would properly reflect itself deduction from the market 
value the stocks. The meaning would that, the past years 
the railway’s operation, definite portion the capital originally 
put into the track and structures has been consumed instead being 
charged out annually operating expense. Certainly, the same 
arguments which caused depreciation accounting set for 
rolling stock, apply the track and structures. 

has been advocated that inasmuch the annual repairs and 
renewals, part the annual operating expenses, are sufficient re- 
place the amount the annual depreciation, depreciation accounting 
useless. Such view ignores the capital consumed during the early 
years the railroad’s operation, when the annual repairs and renewals 
did not replace the annual depreciation. 

There unanimity opinion that the accrued appreciation 
the roadway and right way should taken into consideration 
fixing the cost reproduction new. When that done, proper 
consider also the depreciation. 

The writer believes that obsolescence should considered 
form depreciation, because depreciation, the sense used con- 
nection with the re-valuation work, covers any deterioration the 
part affected from any cause which that part has less capacity 
perform the work for which was created. 
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the widely different opinions and practices engineers, appraisers, 
and the Courts the valuation land used for right-of-way and other 
railroad purposes. Such differences are doubtless largely due the 
fact that the purpose for which appraisal made controls the 
point view greater extent than any other class railroad 
property. This fact seems not have been generally recognized and 
given proper weight appraisals and discussions the subject, 
particularly the public. 

The importance the fact that the purpose for which appraisal 
made must control the methods and values used, was early impressed 
the Commission appointed 1909 re-appraise the railroads and 
canals the State New Jersey. 

The Joint Resolution under which the work was undertaken, re- 
quired that the Commission should prepare and report “true and 
complete inventory and appraisal the true value” the railroad 
and canal property the State, and, further, though rather inciden- 
tally, stipulated that the valuation “shall form available for the 
purpose taxation under existing 

their first (progress) report, the Commissioners stated: 


“Tt not positively stated the Joint Resolution that the valuation 
solely for taxation purposes. true and complete inventory 
and appraisal value seems called for regardless the purpose 
for which the valuation made. But the term ‘True Value’ not 
definite, since the value any property varies with the standard 
value applied and the point view from which judged. From 
the very nature railroad property and the manner which held 
its market value, the sense which that term applied other 
property, difficult determine. The commercial value railroad 
usually determined its net earnings and the returns made its 
owners, quite independent its cost the value the property 
possesses. Frequently there appears close relation between 
the cost railroad and its commercial value. Valuations for the 
purpose fixing rates, for determining proper rental, terms for 
joint running operation may also quite apart from the commercial 
the intrinsic value. The value the franchises other intangible 
property railroad may differently appraised according the pur- 
pose of, the point view from which the appraisement made. 
Finally, the value this class property for taxation purposes may 
quite different from any those named above. seems, therefore, 
impracticable apply any single valuation the railroad and canal 
property the State more than one specific use, and this 
true, follows that the purpose the valuation should determined 
upon before appraisal made. 

“In view all these conditions, and after careful consideration 
the Joint Resolution, and view the necessity establishing 
the particular kind value are called upon determine, your 
Board has thought best appraise the various railroad and canal 


i 


DISCUSSION PHYSICAL VALUATION RAILROADS 269 


properties from the viewpoint the use the appraisal mainly for 
the purposes taxation.” 


From the wording the Resolution, may fairly inferred that 
although the members the Legislature had mind the use the 
valuation chiefly for purposes taxation, they were under the im- 
pression that the phrase, true and complete inventory and appraisal 
the true value railroad could applied any purpose 
for which the value the railroad and canal property the State 
might needed. 

There abundant evidence that the same idea held majority 
the public, including members Legislatures and Congress. 
important for many reasons that the public mind should disabused 
such erroneous conceptions, and should one aim dis- 
cussions the subject educate the this point. 

fact, there great need that the public should educated 
the whole subject the valuation quasi-public property, and for 
this reason would well that technical discussions the subject 
should sufficiently elementary, and couched such language that 
any intelligent citizen could read them understandingly; and that 
greater effort should made give these discussions much publicity 
possible. 

The question the proper valuation railroad real estate com- 
plicated and made more difficult the widely varying elements which 
enter into the original cost the property and the conditions under 
which was acquired and held the railroads. These elements 
are such character and such magnitude that the ordinary stand- 
ards fair market price are usually only partly applicable deter- 
mining the value the right way, either the time acquired 
later. Even where the cost the property the railroad ascer- 
tainable, not always correct basis valuation for some 
the purposes for which appraisal may required. 

discussing the subject, the purpose the writer deal 
chiefly with broad general principles, but consider these somewhat 
more detail than has been usual, and review the various elements 
cost and value that enter into appraisal, for any specific purpose, 
right-of-way land. seems necessary, the interest clear 
statement and argument, recount, facts and principles which are 
neither new nor novel, and the discussion, therefore, may 
tedious the reader. The writer will attempt deal with the matter 
from what conceives sound and reasonable business stand- 
point, with little reference statutes and Court decisions, which may 
vary different States. any specific case, the laws and Court rul- 
ings controlling that locality must, course, complied with, 
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but sound principles justice and equity must the fundamental 
basis all appraisal work. 

What will said refers more particularly right way proper, 
rather than lands acquired and held railroads for terminals and 
other improvements. The status and basis valuation these latter 
may, and usually do, require special consideration and treatment. 

Right-of-way land held the railroads under one two forms 
tenure: ownership fee simple, some form easement. 
the former, absolute title the property conveyed the railroad; 
the latter, only certain rights occupy and use the property for 
specified purpose are acquired. The distinction clear 
enough theory, but not always practice. conveyance fee 
simple may contain conditions, part the consideration, which 
may cause the property revert the grantor, which may 
continual menace the title the extent that amounts little more 
than easement; and unconditioned, perpetual easement may 
equivalent, for practical purposes, ownership fee simple. The 
tenure under which the land held the railroad, therefore, 
matter given due weight its appraisal; but, for the purposes 
outlining general principles this discussion, will sufficient 
consider only right-of-way land owned fee simple the railroad. 

Into the consideration, price paid for typical right way, 
however that price may determined, three principal elements 
usually enter: 


The fair market value the land. 

Permanent damages the remaining property from which 
the right way severed. 

Temporary damages. 


the sum these items must added, find the actual 
the railroad: 


Expenses incidental the acquirement the property. 


Permanent damages are such permanently impair the value 
the property, part which taken, for the uses which is, 
the time the transaction may the future, devoted. 
The cutting farm into two parts, separated railroad, involv- 
ing permanent inconvenience, danger, and increased cost improve- 
ments and operation, interference with drainage, with satis- 
factory sub-division, illustration permanent damage. Tempo- 
rary damages are such entail the expenditure money cause 
temporary inconvenience and loss, but not themselves impair 
the present future fair market value the remaining property. 
The moving building located the right way 
new site where its value, convenience, and usefulness the owner 
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are not decreased, cost removing rebuilding fences and 
other improvements, are fair illustrations temporary damages. 

While these elements market value, permanent temporary 
damages, may not itemized separately the settlement award, 
safe say that they enter into the aggregate consideration 
paid for nearly way acquired. The necessity for 
recognizing and distinguishing between them some appraisals will 
appear subsequently this discussion. 

The element, incidental expenses incurred obtaining 
right way through property, truly part the actual cost 
the railroad the nominal price paid the owner. This would 
seem such obvious fact require argument, and yet 
has been denied ignored some Court and num- 
ber appraisals cost reproduction. includes such items 
cost conferences and negotiations, legal services, condemna- 
tion proceedings, etc. 

The compensation consideration paid for right way 
determined either mutual agreement the award the- 
oretically disinterested body men, the evidence presented, 
the procedure known condemnation. settle- 
ment mutual agreement, between the railroad and the owner 
the property, the consideration may vary nominally from 
zero (donation) any figure which the railroad may willing 
pay and the owner accept. The compensation thus agreed on, 
however, cannot always taken just measure the cost 
value the property transferred. There may other valid consid- 
erations, which may may not named the deed, but, what- 
ever they are, they not affect the actual value ‘and, generally, 
not the ultimate cost the property the railroad its appraisal 
value for some purposes. This true even where the right way 
donated. one friend good enough donate another 
used establishing new’ business, and money thus 
used, becomes, legally and morally, truly part the latter’s 
invested capital the money supplied himself. matter 
fact, however, donation right way practically almost never 
donation except name. The so-called donor to, and 
usually does, some way, get value received, and the railroad pays 
price, usually the form supplying service for time loss, 
due the building and operating its road advance the time 
wheri the developed business becomes sufficient yield adequate 
returns. may safely asserted that such mutual’ settlement 
fair and proper consideration passes, directly indirectly, between 
the grantee and grantor, and that the full value ordinary cost 
the donated right way should reckoned the money 
invested the road. 
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the other hand, the railroad agrees compelled pay 
exorbitant price for the right way, must assumed, unless 
fraud gross misconduct can shown, that the money paid 
represents truly part the legitimate and necessary cost the 
road though had been expended for rails This 
true whether the sum paid was reasonable price for. the property 
included excessive actual alleged damages, was consented 
the railroad avoid delay litigation. Where the right 
way secured condemnation, the theory is, and the fact must 
assumed, that the compensation awarded was determined 
body competent and disinterested men after weighing all the facts, 
and that the sum awarded was fair and just, and is, therefore, 
proper charge against the cost the road and like credit its 
capital account. 

appraisal the value the physical property railroad 
may undertaken for number purposes, among which may 
named: 


ascertain the cost the railroad for the purpose 
determining the reasonableness its capitalization; 

ascertain the value cost the railroad property 
element the determination proper and reasonable rates; 

determine the value the property preliminary pros- 
pective purchase sale the railroad; 

ascertain the value the railroad property for the pur- 
poses taxation. 


Confining the discussion right way and real estate, may 
consider the principles and practice that should control appraisal 
for each these purposes, cases. 

Case Determine the Reasonableness Capitali- 
zation.—The word “capital” variously defined. rail- 
roads, generally understood mean the amount outstanding 
evidences cost debt the form stock and bonds. The scien- 
well the ordinary and common-sense definition, however, 
that capital the amount money permanently invested 
business, and the word used that sense this discussion. 
reasonable proposition that the evidences indebtedness 
enterprise—stocks and not much exceed the amount 
money actually invested the business, which, the case 
railroad, may the amount money expended originally 
its organization, financing, construction, and equipment, plus the 
amounts expended additions and betterments, plus reason- 
able amount free money required for conducting the business, 
reference capitalization, determine whether such equality exists. 
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From this point view, the question capitalization 
tially one for the accountant rather than the appraiser. Under usual 
normal conditions, neither the present reproduction cost nor the 
market value the property can relied disclose the amount 
capital which has been actually and legitimately invested the 
railroad. Thus, possible conceive two roads which, to-day, 
are every respect. One them, however, was built 
generation ago and the other quite recently. the first was 
built, the prices construction work and equipment were materially 
lower than when the second was built, and the capitalization the 
latter will necessarily correspondingly higher. would obviously 
unjust assume, because their property now inventories the same, 
that the younger road 

The real question answered is: What amount money has 
been, and, therefore, now, actually invested the property? 
other words, question cost and not present value. The 
principle here stated its broadest terms, and reservations 
must kept mind. .The permanent abandonment 
property, the payment dividends out capital out earn- 
ings necessary maintain the property normal condition, and 
other like practices which are, not dishonest, violations sound 
business principles, may impair the capital, and found exist, 
must taken into consideration. the other hand, the retirement 
bonds paying them off, though may reduce the outstanding 
evidences indebtedness, commonly called capitalization, does not 
decrease the actual capital money invested the road. 

Unfortunately, correct and adequate accounts expenditures 
chargeable capital account from the beginning are usually not 
available. Either they are wholly absent for early periods, are in- 
complete, have not been kept such way distinguish clearly 
betterments the one hand and maintenance and operation 
the other, and impossible determine from them the true 
investment cost. The practice charging extensive 
large extent the past, pertinent illustration this con- 
dition. 

the absence complete and trustworthy accounts, appraisal 
the property. may resorted the best way ascertain 
approximate estimate the amount money invested, or, other 
words, the reasonable capitalization. 

the principles here laid down are sound, obvious that 
this purpose should aim disclose the actual cost 
the property and not its present reproductive cost marketable value. 
inventory existing property is, course, necessary, the 
unit prices applied determine aggregate value should those 
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original cost and cost betterments the time they were made. 
Neither depreciation nor appreciation original values has any proper 
place such appraisal, unless appears that the capital has been 
impaired some the actions causes already mentioned. 

The depreciation the property ordinary causes (excluding those 
named which obviously impair the capital) does not decrease the amount 
money invested, nor does ordinarily decrease the capacity the 
property for rendering service, long the property kept reason- 
able operating repair. locomotive, for instance, may ten years 
old, and yet capable efficient and economical service for the 
work required when was new. Even when worn out 
one, which, purchased the same price the old one, will neither 
nor properly kept capital account. Nor will any 
depreciated value assigned any time affect the amount money 
invested, which interest and dividend charges must paid. 

the other hand, any appreciation the value property, 
causes other than the actual investment additional capital, does 
not affect the capital account. so-called unearned increment 
which properly belongs surplus rather than Nor 
should earning capacity represented the market price stocks 
bonds given any weight. 

Applying these principles the appraisal right way and real 
estate, follows that the object should ascertain and use values 
which represent the actual cost the property the railroad. ‘such 
estimate the value right way all the elements which 
make the total cost, fair market value, permanent and temporary 
damages, and incidental expenses, should included. 
Practically, this may ordinarily accomplished most satisfactorily 
applying properly determined ratio multiplier the fair local 
market value similar land the time the property was 
Usually, sufficient records actual cases will available establish, 
with reasonably close approximation, the value the multiplier 
used. This matter will considered more at. length under Case 

Case 2.—An appraisal made for the purpose establishing regu- 
lating rates should governed the same general principles and 
methods one made determine the reasonableness capitaliza- 
tion. fact, their ultimate object and uses are substantially the same. 

The lowest rates which railroad may reasonably legally 
required charge are such will repay the total cost the service 
rendered, including interest charges and fair return the money 
invested, any lower rates would confiscatory. Interest 
dends are part that total cost, and they are functions the 
capital invested, the latter must known order determine legiti- 
mate cost and frame proper rates. 


This the only logical theory which appraisal physical 
property can ealled for utilized basis for regulating rates, 
and, therefore, appraisal for this purpose should disclose the amount 
actually invested, Case This applies right way and real 
estate well other property. 

true that enhanced real estate may increase the amount 
taxes assessed against and collected from the railroad company; 
but, the usual method railroad accounting, taxes paid are treated 
item expense separate from and independent interest and 
dividends, and not, therefore, affect the capital account. 

Case appraisal made for the purpose determining the 
value railroad property contemplated purchase sale will 
necessarily differ many respects from one made for the purposes 
named Cases and and the character the appraisal will vary 
with the nature and circumstances the proposed transaction. When 
the proposed sale mutual agreement between parties equally dis- 
posed and free deal, the appraisal essentially equivalent the 
ordinary invoice industrial commercial concerns. other words, 
its purpose is, chiefly, disclose market value. Such transactions are 
mostly between private parties, not concern the public, and need 
not considered here. But where Government elects acquire 
property the exercise its power eminent domain other co- 
ercive processes, regardless the owner’s desire willingness sell, 
the situation wholly different. the owner deprived 
his property, entitled full and even liberal compensation there- 
for. This applies, not only the naked value the physical property, 
but franchise rights and other intangible values, and any special 
physical conditions which may make the property especially 
ative. For from any sound business standpoint, present and prospec- 
tive earning capacity more truly measure value than the cost 
the property its physical value, and much real asset 
physical value. Therefore, the guiding principle appraisal the 
property should ascertain its present and prospective productive 
value, which original cost cost production will only one 
element. 

The soundness these views will hardly questioned the case 
the property any private person corporation whose title 
the property clear, equitable, legal, and untainted fraud. does 
not matter when how such sound title was acquired, nor whether 
the property would equal, fact, any, value the purchaser. 

the case railroads and other corporations, 
created under governmental permission franchise, 
however, the title clouded stated implied reservations embodied 
the franchises, and this fact must taken into consideration. 
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These franchise reservations, true, not confer any rights 
ownership title. The right and power expropriate the prop- 
erty private owners without their consent are derived from differ- 
ent and wholly independent doctrine eminent domain, 
which may exercised any case for the public The rights 
and powers Government derived from franchise grants not 
usually extend beyond certain degree control regulation for the 
authority that the Government may intervene the operation 
quasi-public corporation the extent requiring satisfactory service 
for reasonable charges; but the question, what are reasonable charges, 
still open one. fact, one which very difficult decide, 
not only general way, but any particular case. will 
conceded nearly all fair-minded people that, where the service 
inadequate and rates are not. only oppressive the public. but yield 
excessive profits the owners, not only the right but the duty 
the Government intervene and establish relations between 
the two which will fair and just, with due regard the rights 
each. seems widely held that reasonable charges are only such 
will repay the cost the service and yield fair return the 
capital actually invested; and fair return defined mean little 
any more that the prevailing rate interest, This theory does not 
recognize intangible property, such productive value, and, en- 
greatly depreciate any value the property based 
its special earning capacity. 

The combination, the hands the Government, the fran- 
chise right control, and the eminent domain power expropriate, 
property, unless wisely administered, may very dangerous one. 
quasi-public enterprise may forced extend its service and 
reduce its rates such extent cripple its earning capacity 
and thus reduce greatly its commercial value, and the Govern- 
ment may, later, seize condemn the property the reduced value 
created its own acts, the result may truly confiscatory 
physieal property were taken without compensation the owner. 
true that the National Constitution prohibits the taking private 
property without due compensation; but silent the question 
what constitutes due compensation. This question must answered 
ultimately the Courts. Thus far has not been answered conclu- 
sively and fully the intangible values quasi-public corpora- 
tions; and until shall answered, the question proper 
appraisal such properties for the purpose enforced sale can- 
not decided definitely. There are hopeful indications that the 
broad ground may taken and sustained that productive value, 
whatever form it,may found, whether physical intangible, shall 
given proper consideration such appraisals. 


DISCUSSION PHYSICAL VALUATION RAILROADS 


the present unsettled condition many questions detail, 
most important that appraisal this character should 
thoroughly and intelligently considered the authority ordering it, 
and that definite instructions the principles which shall 
given the appraiser, who must then wholly governed thereby. 

Assuming that the owner entitled compensation the basis 
reasonable regard for the productive value earning capacity 
his property, well for its physical value, the general prin- 
ciples outlined apply with special force the appraisal right 
way. 

While country new and unimproved, right way may have 
been acquired very small cost. Not only was the market value 
the land very low, but the conditions were such that both temporary 
and permanent damages were almost negligible; but, secure 
equally good right way through the same locality after the lapse 
years, when the country has become thickly settled and 
costly improvements have been made, would difficult matter 
involving great cost. Not only will the market value the naked 
land have greatly increased, but numerous and costly improvements 
will encountered which will warrant heavy damages. such 
case would fair say that, other things being old 
existing right way physically worth what new one the same 
vicinity would cost. addition this physical value, the existing 
right way may possess strategical advantages and facilities for 
doing business which would impossible for the new one 
acquire, and, so, due consideration should given the value 
these elements. 

There are present indications that either the National the 
State Governments seriously contemplate the purchase the rail- 
roads. Nevertheless, well call early attention the fact that 
appraisal for some other purpose, for regulating rates, cannot 
justly used for determining values expropriation the prop- 

Case 4.—Where the object appraisal determine the 
value railroad property for the purpose assessing ordinary taxes, 
the principles and practice appropriate will differ materially from 
those applying the other cases considered. This especially true 
with regard right-of-way land. Unless otherwise provided State 
statutes, railway land subject the same rate taxation other 
lands, and the amount taxes assessed depends the valuation placed 
the land the assessors. This assessed value land may 
and fact usually not, the same the market value. The ratio 
between the two values, however, presumed applied 
lands alike. other words, the assessed value for taxation rela- 
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tive rather than actual. appraisal right-of-way land for taxa- 
tion purposes, therefore, should based the assessed valuation 
similar land adjoining its vicinity. This does not mean, 
however, that should valued the same unit price such 
adjoining land, but rather that its actual value, when determined, 
should multiplied the ratio between the actual and assessed 
values which found prevail the locality. determin- 
ing value for taxation, the Courts have generally made plain that 
neither the use made of, nor the amount benefit profit derived 
from, the land may considered. 

The question decided is, therefore: What the value, other 
things being equal, right-of-way land compared with that 
other land its vicinity? 

seeking general answer this question, may simplify the 
discussion use for illustration hypothetical case which fairly 
typical majority right-of-way transactions. 

owns farm 160 acres, the fair and reasonable market value 
which, whole, and similar land the vicinity, adjudged 
$50 per acre. For simplicity, will assumed that taxed 
this full value. Through this farm new railroad must secure 
right way, 100 ft. wide, requiring, say, acres. The conditions 
are such that the three elements, fair market value, permanent dam- 
ages, and temporary damages, are involved. will assumed that 
the parties cannot agree the amount compensation paid 
the railroad, and that the right way condemned com- 
mission disinterested, competent, and fair-minded men, who exer- 
cise their best judgment, after informing themselves all the facts. 
They find and report that the market value the land $60 per 
acre, that the permanent damage $600, and that the temporary 
damage $140, making all, $1100. The question once arises, 
why they estimate the value the acres taken, higher price 
per acre than the admitted fair price for the whole farm; and 
that action justified? may replied, that though may true 
that the severed land intrinsically more valuable than that 
which remains, common business customs sanction the higher valu- 
ation. general analogy wholesale and retail transactions may 
instanced; also the familiar fact that when tract land pur- 
chased bloc and divided into smaller tracts lots, these latter 
command higher unit price than was paid for the whole tract. 
Again, fair market price said that price established when 
both seller and buyer are equally free and disposed deal. Now, 
for any reason, wanted buy selected part A’s farm, which 
intrinsically worth more than any other part the farm, and 
located that its severance would not damage the remainder, 
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natural and reasonable that should ask, and should willing mr. 
pay, higher than would ask for the farm whole, 
equally reasonable that the land severed for the right way 

should command higher price than the farm whole. What 

that higher price should matter judgment, and must 
assumed that the commission exercised its best judgment the mat- 

ter. must assumed that its award for permanent and temporary 
damages also fair and equitable. 

The transaction being closed accordance with the award, the 
question due time will arise, how shall the properties assessed 
for taxation? the State becomes interested party, and her 
rights must taken into account. The permanent damage $600 
was awarded the ground that the remainder A’s farm per- 
manently injured and, therefore, that its value decreased that 
sum. When the tax assessor appears, may reasonably claim that 
that sum shall deducted from what his farm would otherwise 
assessed for. assessor accedes what seems just demand, 
and appraises the remaining 154 acres $46.10 per acre, and pro- 
ceeds appraise the railroad right way. Here some perplexing 
questions arise. may readily decide that the property should 
appraised the value fixed the Commission, but discovers 
that even when this done, the aggregate assessment the whole 
the property will fall short the amount the undivided property 
has been previously appraised $540.60. other words, that 
such appraisal, the State will lose the taxes that sum. 
This would obviously unjust the State. Further study shows 
him that order State shall receive the same amount 
taxes before, the damages deducted from A’s appraisal 
must practically all added what would otherwise the appraised 
value the right way. other words, permanent damages must 
considered accruing the benefit and value the severed land, 
addition what would otherwise its fair market value. 
therefore, lists the right way $360 $600 $960, the rate 
$160 per acre, and, under these appraisals, the State will receive 
substantially the same amount taxes heretofore. The value per 
acre thus ascertained times that other land the vicinity. 

The ordinary tax assessor may not enter into such nice reasoning 
computation, reach like result, but might well the 
soundness the argument, from the State’s point view, must 

The conditions described relate time following the 
acquirement the right way... The question arises whether 
ditions then into the future, say, years thereafter. 
The market value surrounding land may have increased decreased 
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the meantime, and the naked value the right-of-way land may 
have increased decreased accordingly. The award for permanent 
damages, however, does not change with time. The injuries the 
remaining land, from their very nature, must regarded permanent 
and continuous, and their value must still inhere the right-of-way 
land. is, therefore, still factor reckoned with appraising 
the property for taxation purposes. 

Coming now the application these general principles, would 


appear that proper appraisal right-of-way land for taxation pur- 
poses should based least three elements value: 


Whinery. 


First. The fair market value similar land the immediate 
vicinity (excluding, however, adjoining land permanently 
damaged) 

Second. reasonable percentage added for value 
due selection severance; 

Third. The amount the permanent damages caused the tak- 

ing the right way. 


any given case the records the original transaction were 
available and the compensation paid were properly itemized, would 
not difficult arrive proper valuation; but, practice, espe- 
cially the case the older railroads, these data are hardly ever 
available, and the appraiser must exercise his best judgment, particu- 
larly the fair amount the permanent damages. 

fact, found practice that hardly practicable even 
possible consider each individual tract right way thus 
detail, and that necessary and desirable formulate some general 
tule applied the determination the value right-of-way 
land, either whole certain classes local sections, This 

the more permissible because the right-of-way land any railroad 

likely assessed whole, and correctly framed scale values 

likely give fair average results. 

The simplest and, perhaps, the whole, the best procedure 
assume that the value the right-of-way land bears some fixed relation 
the market value other lands its vicinity, and apply some 
fixed multiplier that market value the right way. Multipliers 
varying from one three have been used different appraisals, where 
the purpose the appraisal has not been clearly defined. 

The author states that well-known fact that land for right 
way usually costs from times much the market value 
surrounding land. From the writer’s experience (not, however, very 
recent), well-developed farming country, would say that these 
figures are very conservative, and that factors from would 
more nearly correct; perhaps, would low average figure. 
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would not fair, however, use this factor cost mul- 
tiplier for determining values for taxation, for includes the elements 
temporary damages and incidental expenses which, obviously, should 
excluded from appraisal for taxation. assume that these 
amount one-fifth the total cost, the proper multiplier would 
and would have the general rule that for taxation purposes, right- 
of-way land should appraised double the value of, other land 
its vicinity. 

the writer’s opinion, will seldom found that proper mul- 
tiplier, determined with the principles here outlined, will 
fall below that figure. 

may be, and generally is, claimed railroad men that the prices 
thus commonly exacted and paid for right-of-way land are excessive, 
and that such differences value are factitious. The fact, however, 
that they have prevailed for half century and over the whole country, 
whether the right way has been secured private purchase 
condemnation, would seem indicate that the general ratio has sub- 
stantial foundation fact. 

The author refers the fact that the recent re-valuation the 
railroads New Jersey, where the purpose was avowedly establish 
basis for taxation, right-of-way land was appraised the expert 
the State Board Appraisers same unit value adjoining 
lands. The writer cannot but believe that this appraisal shall 
finally adopted the basis for taxing that part the railroad property, 
the State will fail receive the amount taxes which justly 
entitled. The land (first-class) was appraised nearly $47 000 000, but 
this embraced land for terminals, etc,, the separate value which 
not given; Assuming that two-thirds the whole was properly classi- 
fiable right way, which should rightly been appraised 
double value adjoining land, the State would lose, annually, 
taxes justly due somewhat more than $30 000 000 worth property. 

course, that the principles herein advocated 
will applicable every case for which appraisal called. Even 
the absence definite instructions calling for different treatment, 
variety conditions and may which 
may require modified action individual cases classes cases. 

The writer’s object has been outline the general principles which, 
his opinion, should underlie and control appraisals this kind 
railroad property. 


the very clear and concise presentation has made the basic prin- 
ciples governing the valuation railroads. has covered the ground 
thoroughly leave little opportunity for discussion, and, although 
the speaker can little but coneur with him, is, perhaps, not inap- 
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propriate, view the present-day interest this subject, express 
this, and emphasize, possible, some the more important points 
that are made. 

Am. E., the speaker pointed out some reasons why valu- 
ations the railroads might not unmixed evil, seemed 
generally assumed that time, the conclusion that discussion 
being follows: 


“First, that valuations properly made may the means whereby 
confidence may restored, not only the mind the public, 
but that the investor; but, order obtain this result, the 
railroads should urge, with all the power they possess, the necessity 
having such valuations made body men, some whom, 
least, should engineers, big enough entitle their opinions the 
respect both sides, and thoroughly qualified training and experi- 
ence for the work. 


“Second, that, far possible, regulation should general 
national, avoid the complication dividing all roads the 
State lines, and having different regulations different States. 

“Third, that there need not necessarily any relation between rate 
regulation regulation can well confined 
rates the aggregate, rate-making applies the adjustment in- 
dividual rates, and must necessarily the work men well versed 
all the varied elements which control and the particular conditions 
affecting the business each particular road.” 


The paper Mr. Riggs was able discussion methods 
obtaining the cost reproduction, but the author refused recognize 
that the consideration the so-called “intangible values” had any 
place physical valuation, and did not consider that the purpose 
for which appraisal was made should have any influence 
determining the value the property, 

the discussion these particular points Mr. Wilgus which 
the speaker believes should emphasized. points out distinctly 
that the reason for making the valuation, the purpose for which 
used, has important bearing the method making 
it, and also states the principles which should guide experienced 
man making reasonable ‘estimate least some the so-called 
“intangible values,” perhaps would better say has 
outlined completely the really tangible values have eliminated 
all nearly all which can called intangible, which are included 
the unbreakable circle argument which claimed that the 
rates are based values and the values the 

shown the first place how the appraisal the individual 
items composing railroad, without relation their 
lated parts whole, may justified for taxation purposes, but 
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not proper method for determining the value the property 
living entity, that the “original cost method untenable 
account the almost universal lack records any value and 
for other reasons, and the conclusion that the “Cost Reproduc- 
tion New” the only method whereby appraisal can made 
which will fair and just both railroads and public, and will 
give fair value the property whole and railroad, 
properly made. 

Leaving aside the question taxation, which really local 
issue, the valuation the railroads now made the Inter- 
state Commerce Commission principally order determine whether 
the capitalization fair, whether the rates now being earned give 
fair return that capitalization, information which may 
base its judgment regard new capital requirements. one 
with experience other countries, where the regulation the rail- 
roads most jealously guarded the Government and where does 
not act either serious deterrent development serious 
venience, this does not appear altogether undesirable unreasonable, 
but, whatever one may think about this, begging the question 
say that valuation will give adequate values for these purposes. 
What have admit that valuations are made prac- 
tically and solely this account, and determine how they may 
made properly. 

The application any valuation railroad property the 
adjustment rates is, course, complicated, and can easily 
imagined that, first consideration any one all familiar with 
the intricacies rate-making, the difficulties appear insurmountable. 
Suppose fair valuations are arrived at; suppose fair return this 
value fixed, and the aggregate the rates raised lowered 
certain percentage give this assumed fair return; how, asked, 
are the differences management and the thousand and one other 
inherent differences physical characteristics and conditions 
overcome? There would competent answer this were each 
railroad taken unit attempt made regulate individual 
rates, but, inasmuch would difficult change rate on, say, 
the Pennsylvania between New York and Chicago without making 
similar change the Baltimore and Ohio, Erie, New York Central, 
seems impossible such valuations may arrived 
for any other purpose than the regulation the rates whole 
over distinct section. such method rate regulation 
practical already been recognized the Committee Presi- 
dents the Eastern Railroads.. For some time that Committee has 
endeavored obtain permission raise certain individual rates which 
were admittedly too low, but the opposition from the shippers has 
prevented favorable action the Interstate Commerce Commission. 
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The Committee, therefore, has now decided ask for blanket increase 
certain percentage all rates throughout the Eastern territory, 
there seems far less objection the rates, per se, than any 
change the relation certain individual rates others, 
and this quite line with the speaker’s conclusion his discussion 
Mr. Riggs’ paper. 

The trend practical endeavor, therefore, well common- 
sense view, seems lead the conclusion that the only adjustment 
rates can blanket one, covering large section the country 

prevailing conditions are generally similar, and the speaker 
this seems put the question valuation basis where many 
the objections, which may and are quite properly raised, against 
valuation separate roads parts them, can overcome. 

Most the arguments against any theory basing rates valu- 
ation are founded the inherent differences physical characteristics, 
methods management, local conditions, ete. address delivered 
before the Southern Commercial Congress, April, 1911, Charles 
Hansel, Am. E., was shown that higher lower rate 
gradient two more competing lines might materially affect 
their assumed three lines, each 100 miles length, the 
first with 0.8% grades, the second with 1.0% grades, and the third 
with 1.136% grades, and showed that for tonnage 10000 per 
annum the capitalized value the additional cost hauling the 
tonnage the two latter might amount some eight ten millions 
dollars. 

course, the assumption two roads between the same termini 
with essentially different physical characteristics the reductio 
absurdum argument. matter fact, when there are two more 
roads between the same termini, which reach the same points, the 
rate between these points for the same class commodity the same, 
matter what the operating conditions the properties are. the 
valuation the property for the purpose purchase sale, the 
operating value, affected the physical conditions physical 
characteristics, should considered, but, the valuation used 
basis for fixing rates between competitive points, cannot be. 

Such that cited above is, from practical standpoint, 
purely theoretical, and may admitted once that, there were 
any two such roads, valuation would fair basis for fixing the 
rates them. the rates were fair for one, they would likely 
unfair for the other; looking the matter broadly, however, 
there can more reason the valuations made the Inter- 
state Commerce Commission for comparing physical conditions 
physical characteristics competing lines than there now. two 
lines could more dissimilar than the Pennsylvania and the New 
York Central between New York and Chicago, and yet the rates are 
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the same. the Erie Railroad spends large sum money and 


makes improvements which will reduce its ruling grade to, say, 
can hardly expected that that account will compelled 
adopt lower rate than charged before, because can operate 
more cheaply, charge higher one because has spent lot 
money. 

There is, perhaps, certain class individual rates between local 
points which are, and probably will continue be, subject in- 
vestigation the Interstate Commerce Commission the State 
Boards. The regulation these rates, necessary, must inevitably 
based very largely the cost service, and, basis for de- 
termining this, least starting point, there would seem 
nothing better than adequate appreciation the value the 
property involved. seems improbable though that there could ever 
considered even, the proposition fix rates separately on, for 
example, the Pennsylvania, the Baltimore and Ohio, the Erie, and 
the New York Central the basis the valuation the individual 
properties, even combination the values the physical proper- 
ties with the capitalization and earnings each individual property; 
but that need not prevent the use fair valuation taken together 
with appreciatiom the cost operation, basis for general 
advance rates which might shown necessary order 
provide fair return the stockholders and inducement for the 
provision necessary new capital. 

seems the speaker entirely outside the realms prac- 
tical discussion consider for moment the actual costs any 
the parts which the railroad whole, except 
such costs might sidelight their value to-day, would 
never get anywhere. Take, for instance, right way: some 
may have been given free; may have been paid for ten times its 
value; may have been obtained right eminent domain and 
the legal expenses charged something else. were bought 
$20 $40 ton which would now cost $30. tunnel built 
cost the railroad which the contractor lost money; another 
cost which allowed good profit. The whole road may have 
been bought foreclosure sale and on, almost without end. 

The speaker was asked some little time ago prepare basis for 
the determination unit prices used connection with the 
valuation certain railroad. looking actual costs rock 
excavation this road, many contracts were examined. dating from 
1880 the present time, the prices ranged from cents $2.50 
per cu. yd., and all within comparatively narrow range territory. 
This, course, nothing new, but surely one with any experience 
could expect base the value the rock excavation on, say, the 
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Erie Railroad exists to-day, such original costs parts 
might found examination the records. There are 
altogether too many complications make possible consider 
original costs, except such those which all the governing factors 
are known which may used guide determining present-day 
values. rock cut may have been taken out originally per 
cu. yd., and slice taken off the side for another track might easily 
have cost $2, even under certain conditions less than did the 
first place. seems the speaker that, looking the matter from 
practical standpoint, these and innumerable other complications 
similar nature cannot considered now. can only consider 
what would cost take that cut out had to-day 
and get the shape now is, and that quite within the range 
the ability practical men. the cost reproduction 
new the only logical, practical way that will give results which, 
least, will fair one road another, and fair the 
public the railroads. 

many countries where the Government has retained full con- 
trol over transportation enterprises (and, after all, all fairly 
exercised, this far better than either unbridled private enterprise 
Government ownership), the amount the capitalization which 
will recognized the Government definitely fixed. The first 
cost determined and approved during and the completion 
the construction, after satisfactory investigation the books, and 
additions made yearly cover the additional capital expenditures. 
the United States, for many good and sufficient reasons, and others 
equally bad and insufficient, have let the railroads alone, and now 
the Government trying regain the control should never have 
relinquished. long this control fairly exercised, shall 
all right. exercise fairly, those charged with must have 
knowledge, and one the things they should know the value 
the property they are controlling. 

This value can obtained fairly, but, seems the speaker, 
only putting everything common basis. There can fool- 
ing with such questions “right way has value because has 
been given the railroad,” that “has not increased value,” 
that “if wanted reproduce to-day would not pay farmer 
three four times the acreage value cut through between 
his homestead and the rest his land.” Such speculations these open 
vast vistas discussion which there end. The 
Reproduction New” entirely practical and one well within the range 
the understanding any fairly intelligent person. obtain 
fairly needs practical experience, training, and knowledge rail- 
road conditions, and Mr. Wilgus has done service calling atten- 
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tion some the matters which, the work done properly, 
must receive most careful consideration from those who truly 
says are “burdened with Herculean task” undertaking value 
all the railroads the country. 

The necessity for the employment competent men pointed out, 
and this fact should emphasized, for though may generally 
admitted that certain number competent engineers are required, 
not always conceded that railroad well engineering ex- 
perience required many the comparatively minor, least 
intermediate, 

Even the first step, the compilation accurate inventory 
the property railroad, must taken men the field who 
have become capable long association with railroads the making 
and their subsequent maintenance. Take, for instance, the one 
item the earthwork railroad, the questions settlement em- 
bankments built across marshes, the settlement the embankments 
the estimation slides, the classification the material, 
haul, the general seasoning the whole roadbed, cannot prop- 
erly answered values estimated any but men experience who 
and judge the conditions the ground. The task making 
inventory and fixing prices the measurable items, although one 
great importance, well within the range organization which 
can developed from the large number competent engineers avail- 
able who have had fairly long and wide experience railroad con- 
struction. 

The really important matters pointed out Mr. Wilgus, however, 
are the estimation the value the two stages the development 
railroad preceding and succeeding the actual construction period, 
and the speaker believes, with him, that equitable valuation the 
costs railroad during these two periods not impossible 
impractical task, and, fairly made men widest experience 
railroad affairs—not merely engineers with only construction experience 
—will largely cover the so-called “intangible values.” 

Until very recently the speaker thought that the position taken 
Mr. Wilgus, and expounded this paper, was obvious that 
there could little chance for argument, but there still appears 
large number otherwise intelligent people who continue 
think that the valuation railroads necessarily different from 
the valuation any other business property, other words, that the 
valuations made are simply inventory ties, rails, 
locomotives, ete., with price for each, and that the “good will,” ete., 
ignored. have, perhaps, rather ignored the discussion 
the “intangible values,” because have not been able see quite 
clearly how were going estimate their value, but that may 
due the same state mind are often in, when approaching any 
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problem importance which may come up. may have bridge, 
tunnel, anything else, design and construct. When start 
may not know exactly how going out, even though 
know can it; know there are difficulties; know that 
the first tentative designs will all changed; but also know that 
keep long enough and with sufficient degree intelligence, 
backed experience, shall work out. seems the speaker 
the same way about valuation. Proper consideration will show 
that many the so-called intangible values have considerable sub- 
stance, and fair determination their worth can arrived 
proper process intelligent application. Mr. Wilgus has drawn 
broad outline the matters considered; for those who have 
the work fill the details. 

There might endless discussion, course, regard what 
these values should be, but looks had come the point 
where some one will have decide. not question ab- 
solute right, but coming decision which will fair pos- 
sible all concerned. There nothing impractical this, the abso- 
lute right the majority disputes seldom reached, most de- 
cisions are compromises or, least, the best judgment some man 
body men, and usually only necessary that assured 
the competence and impartiality the tribunal permit 
acquiesce the decision. necessary, however, that as- 
sured the competence well the impartiality, and that all per- 
tinent matters will receive due consideration. The necessity this 
latter should perhaps emphasized most particularly connection 
with the estimation the value those items which exist 
but are not easily physically measurable. 

Mr. Churchill’s remarks seem convey the inference that pre- 
fers the method “original costs”, and that believes this method 
practical. 

the writer understands the situation, the ruling the Courts 
and the Act creating the Interstate Commerce Commission makes 
necessary, least desirable, that original costs shall shown 
wherever possible, but guide the value the estimate 
showing the “present fair 

The Railway Age Gazette* seems express the prevailing opinion 
regard the present fair value quite clearly, follows: 


“When property taken under the power eminent domain, the 
value which the compensation paid for must ordinarily based 
its value the time taken. amount which has cost 
its owner may. considered the endeavor ascertain its present 
value; but the payment its present value, what 
has cost its possessor, which constitutes just compensation. the 


* September 12th, 1913, 


Mr. 
Lavis. 


DISCUSSION PHYSICAL VALUATION RAILROADS 289 


same principle the valuation public utility establish basis mr. 
for the regulation its rates must, would seem, based the Lavis. 
present value its property. That this the correct legal view 
certainly seems just inference from language repeatedly used 

the federal courts.” 

the original contracts, agreements, book costs, can found, 
showing exactly the cost railroad certain part its property, 
is, course, very good evidence tending prove the value. The 
difficulty applying these values, however, and one which hardly 
necessary point out, identifying the structures covered 
the original costs with those existing to-day. there single 
embankment any railroad anywhere the same con- 
dition was years ago? say nothing those which the orig- 
inal work was done years ago. (There were nearly 7000 miles 
railroad operation 1850, mostly what now official classifica- 
territory.) Even had exact records the original cost 
each and fill and all the work done sinee, which should 
properly charged capital account, would that give “fair value” 
for the property use the present time, and which the regula- 
tion the rates and the amount new capital requirements are 
based 

The fact engineers, are all very proud, and which 
undoubtedly true, Mr. Churchill says, that most; not all, con- 
tracts for railroad construction are honestly and fairly made and exe- 
cuted, does not seem the writer any necessary criterion that 
they represent fair value the property use to-day. 

There also another objection their use, that, from the stand- 
point the which rightly wrongly looks railroad 
opponent, these contracts will looked evidence. 
evidence tending prove the correctness the inventory, for 
showing exact quantities, classification, character materials, 
every evidence shown the old contracts and plans should 
sifted out and used for what worth, and this one the 
smaller tasks making correct inventory, which, itself, might 
called stupendous, except that have somewhat chary 
such adjectives nowadays when nothing seems too large under- 
taken. 

entirely feasible and matter common practice base 
fair present-day value the consensus opinion eompetent men 
engaged practical work the nature under consideration, and 
whose experience entitles their opinion weight. Any other value, 
say that years ago, year hence, even the actual price 
paid, open controversy not being fair. the 
years ago taken, why not take for 10, 20, years ago? Ifa 
railroad ‘is criticized, may be, for awarding 
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supplies exorbitant prices friends officials, even its 
struction contracts are fair and just—and who shall say they always 
are—why not also entitled credit when, for any reason, gets 
supplies construction done for less than the present-day market 
value, sometimes does? All these matters, however, invite con- 
troversy, but fair valuation, made competent men, based the 
present “cost reproduction new” practical, can defended, and, 
properly made, will accepted. seems the writer doubtful 
whether any other value can will be. 

The point brought out Mr. Churchill, that the records all 
variations shall kept the forms accounts prepared the 
Interstate Commerce Commission, would seem almost bar the use 
original records, except for their worth evidence tending show 
the present fair value. 


Am. Soc. E.—This admirable paper 


the author thoroughly with his subject, which 


treats comprehensive and exhaustive manner not ex- 
pected from any other than railroad official wide experience. 
the special points, however, which are matters opinion only, 
layman may permitted, perhaps, differ from the author’s con- 
clusions without exposing himself the charge presumptuousness. 
this basis, the speaker wishes take one exception the opinions 

enunciating the basic principles procedure and the several 
ways determining the physical value, Mr. Wilgus refers the 
method known “Cost Reproduction, Less Depreciation,” and states 
that, for rate-making purposes, seems him that the physical de- 
preciation should not deducted from the new. 
His reasons for this are expenditures for renewals and repairs 
should charged working expenses, and not capital,” and that 
depreciation not treated wastage of. capital, but 
element the cost operation that covered the rate.” 
then goes state that the law requiring “that valuations shall 
revised from time time improvements and other changes are 
made, the deduction depreciation, otherwise 
the constant addition amounts expended the replacement re- 
newal items that had the valuation their de- 
preciated price, would ‘be violation the rule the Interstate 
Commerce Commission that operating expenses should charged 
capital.” 

The fact should not lost sight that betterments.and improve- 
ments, when paid for out income, are just much property 
paid for out capital, the company, they should 


the inventories made from time time. the evident 
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intention the Interstate Commerce Commission draw definite 
and distinct line between funds used for extension and enhancement 
railroad property, and those used for the prevention undue de- 
preciation existing property; other words the be- 
tween repairs and renewals necessary maintain the original invest- 
ment its full the one hand, and such betterments and 
improvements, the other hand, constitute permanent additions 
the original investment. order protect the stockholder, the prop- 
erty paid for his original investment kept repairs 
and renewals nearly practicable 100% efficiency, fund 
should established reimburse him for the difference. 

but, truth, his liability only because has received dividends 
some previous period the money which should have been expended 
keep the property 100% efficiency, which should have been 
put into fund used for that purpose. the 
moral duty the management keep the company’s property 
its full efficiency, establish out the income equivalent re- 
serve fund. When this done, there can liability for deprecia- 
tion the part the stockholder. Whenever this money paid 
him dividends, however, instead being put into the property, 
then actually receiving back part his original investment, the 
instalment plan, were. If, then, the stockholder has received 
this part his investment back, certainly remains longer among 
the assets the corporation; hence, obtain proper value the 
assets, for rate-making purposes, for any other purpose, the amount 
this depreciation should deducted. The opponents this view 
certainly will not contend that rates should made proportionate 
assets which exist the corporation. 

The author’s view that depreciation should not deducted based 
the stockholder’s liability called some future time for 
fresh capital put the property back 100% efficiency. that 
time comes, however, and the stockholder does thus put his money back 
into the property, there any reason why the rates should large 
enough pay him dividends that portion his investment which 
withdrew from the corporation, well that which still has 
it? if, usually done, the property put back full 
ciency the use future income (that is, through bonds), 
there any good reason why the stockholder should the sole 
ficiary from that operation which has cost him nothing? it, 
the first place, seem just make the pay rates high enough 
cover dividends the depreciation the property, equiva- 
lent that depreciation has already been paid back the stockholder 
the second place, right that the rates should high 
enough cover dividends the original value the property 
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cluding depreciation, and, the same time, high enough retire 
issue bonds necessitated only because the withdrawal the de- 
precation reserve fund the stockholders? 

make the rates high enough cover future betterments and 
improvements and lay the money aside for this one 
thing; but make such rates and then devote the money thus raised 
dividends based the original value depreciated property can- 
not justified. The stockholders should not expect “have their cake 
and eat too.” argue that this customary does not justify 
good practice, nor does appeal the fair-minded gentlemen compos- 
ing the Interstate Commerce Commission being either good theory 
good practice. Any corporation which handled allow its 
property depreciate without providing fund out the income 
the equivalent this depreciation, cannot claim that the full invest- 
ment the stockholders represented the assets the corporation, 
and, therefore, cannot expect allowed rate based fictitious 
property just because has been capitalized. 

The market value any property other than public utility, that 
is, any property unregulated law, direct function its income, 
fluctuating with the This market value apparently 
lated either the intrinsic value the company’s assets the 
amount Investors look only the rate income 
and the safety the investment. If, for instance, the stock. 
reliable concern pays 40%, this stock cannot bought par; but 
the market price will well point where dividends will 
normal. 

Now the difference between this market value the con- 
and the actual intrinsic value its real assets ascribed 
the “good-will” the business, the “franchise” value, may 
ealled the case public utility, meaning thereby the value 
its intangible assets. the business highly prosperous, the 
good-will franchise value correspondingly great. The actual in- 
trinsic value going concern’s real assets does not change merely 
because the advent prosperity the reverse, but the good-will 
franchise value does vary for this With some very highly 
developed monopolies, the good-will value the business the larg- 
est. asset, the intrinsic value its property being merely incidental. 

This being so, evident that the problem before the Interstate 
Commerce Commission, regard railroads, reverse the natural 
operation unrestricted monopoly. Instead “charging all 
the will bear” and determining the good-will value the busi- 
ness the amount income, common with private corpora- 
tion, the Commission’s problem ascertain the value the assets 
(intangible well tangible), and then make the income con- 
form with virtue the rate-making power. This difference 
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tween public utility and private corporation seems generally 
unrecognized. the working out this problem there very little 
learned from the example private monopolies, excepting 
they may said teach “how not it”. the Commission’s 
problem necessary prevent all exaggeration respect the 
good-will franchise value determining the value railroad’s 

railroad monopoly created the law-making power pri- 
marily for public uses. private corporation, the other hand, 
created primarily make money for its stockholders. 
charter granted special agreement with the Legislature, and 
gives exclusive monopoly its own territory, except and 
near the terminals. Such monopoly must necessity regulated 
some common authority, order that the communities through 
which operates shall not discriminated against comparison 
with those similarly situated other railroads, and for the further 
reason that the railroads are practically indispensable all business 
interests. Each year sees the business the country more and more 
dependent the railroads for the interchange commodities. 

For these necessary that the public authority 
control the railroads should endeavor have the rates fixed 
low consistent with the value the capitalist’s investment. 
This investment, however, certainly does not comprise betterments 
and improvements which have been paid for exclusively out rates 
(which, for this reason, are excessive rates) charged the public. 
this respect railroad’s opportunities make money for its stock- 
holders are far greater than those private corporation competing 
for livelihood; and railroad investors have long been accustomed 
the advantage they possess for making the pay for anything 
they want, that will not easy matter attract them when 
these opportunities are removed, although the return their actual 
investment should still remain good as, better than, that. 
corporations private business. 

Neglect provide depreciation funds the same both 
financially and economically, with the omission establish sinking 
funds for outstanding bond issues. Both practices have brought about 
enormous inflation values the introduction fictitious capi- 
talization. Bonds have been left outstanding long after the prop- 
erty equipment purchased with their proceeds has become useless; 
or, refunded, the effect the same, because stockholders claim their 
share the earnings beyond the lifetime the property produce 
their proceeds were applied. Whenever issue bonds 
refunded, which ought have been paid off provision out 
the earnings, its claim added that the new bond issue for 
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share the future earnings. Such bonds are not co-terminous 
with the life the property originally purchased with their proceeds, 
serve increase the burden inflation, because the security that 
was once behind them abandoned, useless, obsoléte. provide 
income for bonds like these carry fictitious investment the 
books, and with every refunding debts that ought retired, 
the load over-capitalization receives new increment. 

has come to.be the popular conception that capitalize any- 
thing provide income for it. But capital wealth; therefore, 
when income provided for something which does not exist, there 
results form capitalization which adds wealth the property 
all, but fictitious capitalization over-capitalization. provides 
income for fictitious investment. Property which has become ob- 
solete superseded other property ceases have any earning 
power, and longer entitled any income. the bonds, 
from the proceeds which was originally purchased, must 
tired the earnings the period covered the life the property 
order prevent over-capitalization inflation. 

exact compliance with this theory is, course, not possible 
practice. With the railroads the United States, progress and develop- 
ment have caused such unforeseen changes recent years that has 
always been possible arrange bond issues which should 
minate with the life the property represented them; but there 
could have been, and should now be, made more vigorous effort 
retire such issues have outlived their usefulness, payments 
out the earnings rather than refunding, and must not 
expected that the public will permit rates increased order 
enable the railroads make readjustment which has been necessi- 
tated excessive rewards stockholders. The stockholders have 
“eaten their cake” and that the bondholders too, and their efforts 
get the public feed the bondholders longer deceive the majority 
those interested. 

The great incentive behind this movement for the valuation 
existing railroad property evidently lies desire have more com- 
plete and definite knowledge the size this load over- 
carried the railroads. The extent which progress 
and development have contributed item after item the load over- 
capitalization recent years not realized many; and the infla- 
tion itself totally denied others. Naturally, there will some 
among the latter who will strongly impelled complicate the valu- 
ation work, and seek out every possible pretext for making the 
assets, both tangible and intangible, look big possible. should 
not inferred from this statement that Mr. Wilgus with 
any but perfectly sincere and honorable motives his elucidation 
the subject. 
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Throughout the paper has repeatedly that the method 


obtaining the physical valuation should chosen with reference 
the purpose for which the valuation made; that is, for purposes 
rate-making would recommend method giving different. re- 
sult from that obtained the method would recommend for the 
purpose selling the property. Perhaps still another method might 
recommended for purposes taxation. Much has been 
cently about the increasing burden taxation railroad properties, 
and there doubt the part local authorities all 
over the country assess railroad property more nearly its true 
value than has been customary years gone by. 

Without any way begging the question physical valuation, 
the speaker takes the ground that the easiest and simplest way out 
complex and situation, and one that would wipe out 
immense amount inflation, would order each railroad put 
its own value its property all kinds, and have understood 
that the same value would used assessment for taxation well 
for acquisition the property for any other purpose. other 
words, there was any inclination place low valuation the 
property for taxation, this would counteracted the 
knowledge that would use that set valuation for rate- 
making purposes and for acquisition desirable. With the aggre- 
gate all these self-imposed railroad values thus put before it, the 
Interstate Commerce Commission could then determine fair and 
equitable rates based these valuations. least, the rates thus 
determined were not fair and equitable, the railroad companies could 
not complain the valuations which they were based. 

Our whole system direct taxation discrimina- 
tory, and unjust, putting premium The man who 
keeps his property good repair, his buildings and fences order 
and well painted, assessed far above his neighbor whose acreage 
the same, but whose buildings and fences are dilapidated and broken 
down. the estimate each was accepted the value his own 
property, and such valuation was registered the records 
used for all purposes, including taxation, the authorities would 
relieved vast amount burdensome detail, and any injustice 
were done, the victim would have only himself blame. 

poor rule that does not work both ways. What boon such 
system would the railroads for purposes acquiring rights 
way for extensions! Condemnation proceedings could avoided, 
untold agents’ commissions could left out consideration, and, 
best all, exact estimate the cost any proposed right 
way could obtained advance merely consulting the registered 
values the property which was desired condemn. the law 
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authorized the condemnation, then the owner the property would 
obliged also law sell his own registered prop- 
erty owners were permitted change their valuations often 
once year date fixed law, and, when they failed alter 
them, the last previous valuation should held valid until 
new one was submitted the regular date fixed for the purpose, 
speculation would beneficially regulated rather than checked, and 
the extent the variation taxation the State would share 
the speculation, which should be. 

Under general system this kind applicable all corporations 
and individuals alike, the increment unproductive but 
well-located property would automatically and largely diminished. 
any event, the full import this feature would shared the 
State, and any tendency exaggerate would checked the pro- 
portionate rise taxes. The author very justly complains the 
excessive prices usually paid railroad companies for property 
acquired for extensions and betterments; but, under the system just 
described, railroads would have pay for such property more than 
anybody else. Thus prevalent cause over-capitalizing railroad 
property would removed, and not only would there result relief 
the financial burden, but lower basis for rate-making purposes. 

because the very eminent fairness this method valu- 
ation that not likely popular. Property owners like col- 
lect damages from some one when under compulsion sell what their 
own fair price for the public benefit. fact, when railroad 
the purchaser, they too often look the transaction more beneficial 
the railroad than the public. least they know that the railroad 
company more likely bid high for their property than any other 
individual purchaser, because land capital, and the railroads are 
paying very high premiums for capital any form. The intense 
sentimentality over property rights prevalent the United States 
would sadly shattered man’s rights his property were re- 
duced just what himself made them, and was able pay 
now, man’s property rights (within certain limits) are any- 
thing chooses think they are, and does not have sustain 
his exorbitant rating them one single item expense beyond 
that his neighbor who similarly situated, but whose ideas are 
more Property owners this country to-day are highly 
privileged class, but are placed most unjust and discriminatory 
footing with respect each other account the present system 
direct taxation which without uniformity, unsupported reason, 
easily responsive corrupt influences, and, most all, unstable 
unreliable for revenue-producing purposes. The burden falls most 
heavily those who refuse take dishonest advantage the system’s 
weak points. 
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The important question rate-making seems be, not what 
the intrinsic value the property, but rather what the capitalist’s 
actual investment, and what the earnings should allowed 
capitalized and become basis for further dividends met 
out the rates. will admitted that the rates must cover, addi- 
tion all administrative and operating costs, (1) repairs and renewals 
necessary keep the property its full efficiency, the equiva- 
lent the form fund for the protection the stockholders, and 
(2) reasonable return the actually increase 
the rates order provide betterments and extensions 
different whatever from paying the stockholders larger dividends 
enable them reinvest immediately the business, because, 
eventually, these betterments and extensions are capitalized and handed 
the stockholders present. course, money for betterments and 
extension does come from previous dividends, either these other 
stockholders, this other business; but the question what 
dividend rate ought considered sufficient enable the stock- 
holders reinvest the needful amount betterments and extensions 
and have something left for themselves. With private corporation 
the answer is, make much money you can; but with public 
utility the objeet serve the public just cheaply possible, and, 
therefore, the problem begins with determination the minimum 
return which can offered attract capital. 

has been said railroad financiers testifying under oath that 
without the practice capitalizing earnings and offering stock 
bonuses with bond issues, capital could not attracted sufficient 
quantities take care the necessary improvements railroad opera- 
tion. These statements are doubtless true, and indicate the extreme 
competition for capital present prevailing the United States. 
would seem that capital ought know its own interests well enough 
not demand such large rewards that the business itself must event- 
ually throttled order satisfy its cupidity. This situation re- 
sults from interference with the natural law supply and de- 
mand. the wealth the country gradually becomes concentrated 
the hands fewer individuals, the amount capital outside 
their becomes less. All capital wealth some these 
people absorb proportion the total wealth, they 
control correspondingly increasing proportion the total 
and automatically with the growth their monopoly the 
available sources capital diminish. Under such competition for 
capital results from this monopolistic control, cannot expected 
that railroad rates will kept low all the demands heretofore men- 
tioned have supplied from the earnings. 

The President the Pennsylvania Railroad Company issued 
statement May 12th, 1913, which said: 
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“In England the policy railroad companies has been pay out 
currently stockholders nearly all the net earnings, and provide 
for all improvements out the proceeds sales capital stock. 
the investors the stock and bonds the Pennsylvania Railroad had 
supplied directly all the money which has been invested the trans- 
portation property this Company, and they received the entire 
annual net earnings from the operations such property, they would 
today getting only 4.83 per cent. upon their actual cash outlay.” 


Two conclusions may drawn from this statement: one is, that 
capital can obtained such basis England, can 
obtained this country from England removing from our proper- 
ties that most objectionable feature, over-capitalization inflation; the 
other is, that the capital for the betterments above referred did 
not come from the Pennsylvania Railroad stockholders must neces- 
sarily have been collected out the public, (if through bond issues) 
now being collected out the public. other words, the difference 
between our method financing railroad extensions and England’s 
method is, that over there the capitalist puts all the capital and re- 
ceives fair return for it, and here the public puts most the 
and makes present the not only getting 
nothing return for except the improved service, but also paying 
rates large enough cover dividends the gift well the 
capitalist’s actual investment. prevailing methods are persisted 
in, the logic the situation will force answer this question: 
financing railroad, the rate-payers are furnish the lion’s 
share the capital anyway, what the use having any stockholders 
all? They are merely incumbrance. 

About such state affairs comment superfluous; complete 
change the system called for. The reform has been well inaugu- 
rated the authoritative movement obtain careful and complete 
physical valuation railroad properties, and this movement should 
have the earnest and support all who are interested see 
better times for the railroads well for the communities they 
serve. With the knowledge thus gained, the next step will elimi- 
nate the load over-capitalization now carried and begin retiring 
bond issues out the earnings, instead refunding them and allow- 
ing their share the earnings pass the stockholders. The class 
which has long been getting something for nothing must taught 
its investment. 

correct misunderstanding which seems have arisen regard 
the speaker’s proposed system fixing property values for taxation 
and other purposes, should that this system there would 
prohibition against any individual placing his valuation figure 
high pleased. has been suggested this discussion that 


Mr. 

Crehore. 


DISCUSSION PHYSICAL VALUATION RAILROADS 299 


would great injustice farmer take strip his land 
for railroad purposes the same rate compensation would 
ask for the whole property. course would. strip dividing 
his property for any purpose, whether for railroad not, would 
damage what remained him extent, but there would 
nothing prevent him from putting valuation high enough 
satisfy himself that portion his property through which was 
all likely that railroad would pass, neither there any reason why 
should not place higher value some parts his contiguous 
possessions than others, and have registered. The only require- 
ment imposed the farmer the system would that should 
pay taxes according his own valuation. 

This would not the hardship that some seem think. There 
would general increase taxes adoption this method; 
the total amount collected for public uses will not vary because 
readjustment values every year. The total amount levy 
community remaining the same, the readjustment values would 
mean merely redistribution the tax levy correspond with the 
readjustment, which should be. man thinks that his 
property worth more than his neighbor’s, should willing and 
ready sustain his rating paying proportionately greater taxes. 
The speaker cannot conceive anything unfair such method 
taxation. The injustice community comes from announcing and 
maintaining values which are fictitious and misleading, variance 
with each other—low taxable values the one hand and high selling 
values the other. The merchant who asks one price from one cus- 
tomer and another price from another has poor standing any 
community. sells property certain figure which both 
agree keep secret. The newspapers, the interests speculators 
the neighborhood, announce the sale figure very much higher 
than—perhaps twice high as—the actual payment made thereby 
misleading all property owners the vicinity the real value 
their own investments, and off prospective purchasers lessors 
who might have been attracted knowledge the correct values 
prevailing that community. 

Diserimination some form other the bottom all our 
industrial and financial troubles these days. The injustice our 
system taxation lies recognizing one value for taxation 
purposes and different value for purchases, and discriminating 
between property holders who are similarly situated. Such system 
promotes underhand work, and the tendency throw the burden 
taxation those who are not well equipped others battle 
for their rights. those who adhere blind devotion the present 
system would take into consideration the confusion makes, the 
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wrongs perpetrates, the corruption invites, and the false swearing 
oceasions, there would different feeling regard making 
change. 

what proportion the betterments and extensions rail- 
road property should provided from the proceeds the sales 
stock, and what part should paid for out the earnings— 
other words, what extent surpluses should 
should understood that the speaker’s whole contention applies 
service corporations regulated Governmental authority, and 
not Government-owned enterprises. course, where there are 
stockholders, the latter case, proper that the rate-payers 
should furnish all the capital needed, they are the sole beneficiaries 
the increased earning due the betterments. The rate- 
payers, then, being the owners, whatever done with the property 
redounds entirely their injury benefit the case may be. 

the beginning was assumed the writer (and this assumption 
has been confirmed the author) that the subject the paper was 
based the question: What the proper way ascertain the true 
value railroad property; and only incidentally included 
the question: Shall this intrinsic value used for the purpose 
rate-making not? 

The writer’s stand the first these questions was and that 
proper physical value the assets can only obtained finding 
the cost reproduce prevailing prices and deducting 
amount for depreciation, and that this resulting valuation should 
used for all purposes where the correct physical valuation called for. 
When, however, the correct physical valuation has been found, there 
still remains the question whether rates should based that 
something else. These appear two separate and distinct questions, 
although several the parties this discussion have treated them 
they were interdependent. 

The utter hopelessness getting fair physical valuation the 
Original Cost Method and the stupendous amount work involved 
getting the Cost Reproduce less Depreciation Method was 
impressive cause the writer suggest the alternative letting 
the railroads put their own valuation property all kinds. And 
yet—whereas accurate value the property could not possibly 
ascertained the Original Cost difficulty 
showing from the books just what money each investor had paid 
into the treasury; and, the utility property, 
contended that this, taken together with reasonable portion (not all) 
the value betterments and extensions, should the basis the 
investor’s return paid him out the rates, the public being the 
beneficiary all the remainder. 
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writer complete agreement with Mr. Wilgus’ statement that the 
task valuing the railroads the United States Herculean. 
has seen nothing lead him think that our politicians have any 
adequate conception the magnitude and the almost, not quite, 
insurmountable obstacles the way competent solution all 
the questions involved. 

There have been some expressions from the Commission charged 
with the chief responsibility, indicate that even its members not 
fully appreciate the grave responsibility which rests them. 

addition the inherent difficulties, one. face what the 
writer believes too common fault the United States to-day, fear 
—on the part those directly criticism and denuncia- 
tion from uninformed and prejudiced public. 

Already men have been appointed positions influence con- 
nection with this work who have demonstrated that they are incom- 
petent, and, what worse, are willing and able labor for the de- 
struction legitimate property rights. 

This and much more that might said indicates that have 
not to-day the States proper background for these ap- 
There need effective scheme public education, 
not indirection, but frank, fearless, and the open. 

Our Courts, public officials, and professors and students 
nomics should included the classes those educated. The 
conflicting and often faulty opinions delivered our 
and our State and Federal Courts demonstrate that the laity 
must not submit too subserviently the opinions and decisions which 
are quoted for our may have submit temporarily 
cases issue, but should never surrender our beliefs where 
know that we, engineers, are more completely and accurately 
informed than the theorists who attempt control us. must 
patiently, persistently, courageously, and openly combat the theories 
all the questions involved. 

order meet those who are thus engaged controlling the 
situation, however, must more one among ourselves. The 
fact that some the questions issue engineers are not 
complete agreement. 

Thus the Commissions and Courts are given the opportunity 
choose between opinions variance, and are encouraged pick 
and choose, item item, until there consolidated all possible fea- 
tures which are unfavorable fair solution this valuation 
problem. 

Another obstacle fair and consistent system valuation 
pointed out Mr. Wilgus: the widely varying laws the several 
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States, not speak the widely varying interpretation these, often 
ambiguous, laws. 

Mr. Wilgus correct when states that, 
general proposition, valuations cannot determined accurately and 
fairly through reference the records and books account extending 
back through the years. not difficult explain, those qualified 
understand, why this the fact—but the fact has met, apart 
from the question adequate reason therefor. 

Nothing could further from the truth that, because railroad 
any property magnitude can inventoried, even accurately 
and completely inventoried, the valuation can determined the 
inclusion the items thus inventoried. Omissions and contingencies 
are not thus covered. Surely engineer who has had any broad 
experience construction could honestly claim. 

often the contingencies, lost sight the completed work, 
which add materially the cost, and this outside such overhead 
charges preliminary initiation expense, interest during construc- 
tion, administrative expense, cost procuring capital, For 
instance, appraisal should made ten years from now the 
New York Central Terminal, would inventory the existing 
structures disclose the legitimate and necessary cost this great 
undertaking? This point well developed this paper. 

One the most difficult features involved service ap- 
praisals that, depreciation. This subject misunderstood 
many who claim the right speak authoritatively thereon. 

the accounts are accurately kept, that proper discrimination 
maintained between charges construction and maintenance, 
deduction should made for depreciation from cost reproduce 
new. 

Troubles this matter have, doubt, part been occasioned 
the more conservative practice late keeping accounts 
spread the cost final renewals (“depreciation”) more uniformly 
over the period benefited. This leads those the outside—and some- 
times those the inside—to think that should deduct the assumed 
estimated accrued depreciation from cost plant. depreciation 
reserve required only point out year year that there 
may certain charges against income not shown the current ex- 
penditures and warning not over-estimate our profits; but, 
final renewals have not been cared for completely the current 
expenditures, then there the liability therefor, resting against, the 
proprietors, which must met when parts the plant come 
renewed. All repairs and all renewals, whether current deferred, 
are chargeable against income, and must met the rates, 
the case public utility, adequately maintained and rendering 


DISCUSSION PHYSICAL VALUATION RAILROADS 303 


efficient service the public, deduct for accrued depreciation ac- 
cording the practice some our theorists, necessarily results 
confiscation investment. 

Certain appraisers reputation have taken the ground 
for instance, railroad ties have effective life years, and one- 
tenth the total number renewed each year, there need for 
depreciation reserve, but the value these ties whole should 
depreciated per cent. Nothing, according the writer’s way 
thinking, could more fallacious. The property, far this item 
concerned, thus maintained maximum efficiency. more 
could done? Why then should one-half this portion the in- 
vestment confiscated? ordered, then should permitted 
include like amount one the overhead charges. such 
elimination necessary feature railroad operation, then this 
legitimate item cost. 

Those who have not studied this subject carefully seem, think 
that because should expect allow, were selling, and should 
expect claim, were buying, allowance deducted from 
the purchase price cover estimated accrued depreciation, therefore 
depreciation should deducted appraisal for 
the contrary, the reason for such allowance for depreciation 
case purchase and sale, furnishes the reason for not deducting 
from appraisal cost new; for this indicates that there the 
assumption the part the purchaser liability resting 
the present owner. This well set out Mr. Wilgus’ concluding 
paragraph. 

This feature depreciation the writer has treated length 
recent paper.* 

the writer desires state that we, the Engineers 
the United States, must appreciate that rests the grave 
responsibility protecting the innocent investor, the widow and 
orphan, from spoliation the hands honest and dishonest inter- 
preters the laws our country—Federal and State. 

lem obtaining the physical valuation the railroads the United 
States probably one the most important relating public ser- 
vice corporations and properties that has ever been undertaken; and 
the question rate-making, whether founded the results obtained 
from physical valuation not, dependent many questions, 
both economic and financial, make very difficult discuss 
the matter within the limits single article. 

investigate this matter valuation and rate-making properly, 
necessary study the historical development the railroads from 
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their beginning, and then analyze the entire question according 
the principles economics. This necessitates looking the 
lem way very different from the generally accepted financial 
viewpoint. 

Mr. Wilgus attempts show that, from every point view; the 
only just and equitable valuation placed railroads for rate- 
making purposes, that replacement value new; but are his prem- 
ises correct this argument, and replacement value new the logi- 
cal figure used for this purpose? Would such basis calcula- 
tion just and equitable the railroads, well those who 
must pay the rates? 

When physical valuation undertaken, matter for what pur- 
pose, there doubt that the replacement value new should esti- 
mated, taking the average cost materials and labor for the five 
previous years, usually done; but the actual cost date should 
also determined, reference records which may available, 
or, not, reconstructing all conditions they existed the time 
the building the road. The depreciation the various elements 
entering into such property should also estimated the same 
time. These three items can thus determined simultaneously 
very little more cost than that necessary obtain any one them 
alone, and infinitely less than would necessary obtain 
each one separately. fact, may said that for all practical 
purposes necessary obtain all three these items basis 
for study and comparison. 

Referring the sale value the various elements entering into 
the construction railroad, such valuation productive re- 
sults except, perhaps, very poor, makeshift basis for taxation. 
quantities materials such make railroad, were sud- 
denly thrown the market, would most cases once depress 
the second-hand price. each, and thus create price far below even 
the ordinary sale value. the other hand, even taking the market 
sale value for estimating purposes would, Mr. Wilgus 
means give any idea whatever the actual values actual 
costs railroad property. for the sale value railroad 
whole, such quantity may said not exist, there are buyers 
for such properties the open market. When such property has 
been offered for sale, has been bought syndicate composed 
more less interested parties, and its own price. 

page 205, the author states that would very difficult 
matter get any idea the original cost the railroads account 
the non-existence records the subject, and gives this lack 
records argument why original cost date should not 
obtained and used. The mere difficulty arriving result 
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surely excuse for not doing the work. only matter 
more time and patience, back and, with figures based known 
prices for labor and materials the period, reconstruct road built 
fifty more years ago, than reconstruct the road under present- 
day conditions. 

places, the author mentions different items. 
expense the planning and construction railroad, 
seems fear might omitted physical valuation. 
says: “Reconnaissances, preliminary surveys, 
cost, revenue, and profits are needed and, 211, 
various construction items are referred matters which should not 
overlooked. conceive that any one engaged 
valuation appraisal railroad, except the merest tyro the 
business, would fail take cognizance such items. The cost 
all work, whatever nature (including promoting), and 
the cost all construction work, should estimated, matter for 
purpose the valuation being made. One might well try 
estimate the cost concrete place, and say the cost the form 
work should not taken into account. 

When comes including the physical valuation the cost 
what Mr. Wilgus calls “the educational and development stage”, how- 
ever, the writer fails see why such expenses should estimated 
for this purpose. This matter purely one operation, and the 
obligations which was necessary issue order obtain working 
capital the early stages railroad, should have been off 
from profits, and fund kept for this purpose from accrued profits. 
page 207 the author says, “under the most favorable 
usually lasts for several. years”. railroad properly run and 
properly managed, the educational and development stage never ceases. 
For instance, the training and education employees for their various 
duties never The study places where economies 
practiced something which should the mind every one con- 
nected with railroad all times. The attempt the advertising 
department induce more and more travel, both freight 
senger, patronize given road, also never-ending work. 
far “errors design and construction, developed operation,” 
are concerned, these should paid for out profits, there money 
pay for the work, because there practically limit which 
carried. To-day, expensive tunnels, long cut-offs, 
great trestles, deep fills, and heavy bridges, are being constructed 
various railroads, simply correct just such errors design and 
construction; and such corrections and betterments are capi- 
talized new development, what security left for the obligations 
already issued against the original and now abandoned work? 
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course, must also taken into consideration that improvements 
are often made for the purpose handling increasing traffic and 
steadily increasing weights and loads rolling stock. 
cases, the only thing take the difference cost between 
the old work and the new (if the cost this new work greater), 
and charge physical valuation. illustrate this concrete 
case, assume bridge, the original cost which, complete, was 
$100 000. Now, assume that this bridge replaced one costing 
$200 000, either correct some error original design, pro- 
vide for more heavier traffic. Such structure must included 
the valuation its cost $200 000, added the orig- 
inal valuation the road; but means should the total amount 
both structures, $300 000, included any valuation, obli- 
gations issued against this latter amount, has often been done 
the past. Thus, can easily seen that the engineer who at- 
tempted include any such feature this, the educational and 
development stage, physical valuation, either for original cost 
date, replacement value new, would confronted peculiar 
problem. would not know where begin, where leave off. 
would simply matter personal opinion what and how 
much include cover some arbitrary period. 

Furthermore, this connection, remembered that, like 
everything else, railroading has been slow growth, and that has 
not been necessary organize forces from absolutely ignorant mate- 
rial handle the complicated equipment and traffic to-day. The 
transition from the small systems beginning England 1825, 
with few miles track, equipped with tiny cars and 8-ton loco- 
motives, the great transcontinental lines to-day, with thousands 
miles track, cars with capacity and great Mallet 
compound locomotives, was not made single stride. was 
slow development, and the operating force was gradually trained and 
organized meet the conditions they And, further, 
imagined that great railroad system was created 
new, to-day, with miles track, modern equipment, and great ter- 
minals, even then, would not necessary organize new force 
material. All the men holding positions any moment 
would obtained from other railroads. few years ago, the writer 
was connected with new railroad while the operating force was being 
organized, and all the men positions any importance, including 
such general superintendent, shop superintendent, heads 
operating divisions, etc., and, also, many cases, the subordinates, 
were obtained from other roads. 

regard cost reproduction less depreciation, not 
seem any allowance should made for depreciation, either 
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original cost-to-date valuation, cost reproduction new, as- 
suming, course, that the road has been kept first-class condition; 
that amortization fund has been provided for, meet all maturing 
obligations; and that some provision has also been made for ob- 
solescence. such items have not been fully provided for, then 
the question depreciation may become very important one, and 
must given very careful consideration, with special attention 
the object for which the valuation being made. This can made 
clear referring the coal pocket mentioned the author 
page 208. physical valuation had been made this property 
the year before was renewed, and this item had been in- 
cluded its full value there must have been one two 
provisions made, follows: Either amortization fund must have 
been created, which all stock, bonds, other obligations, repre- 
senting the full value the coal pocket, will retired the end 
the next year, that new obligations can issued pay for 
the new work; or, the obligations against the full value the 
coal pocket are not paid off, there must some fund, which, 
the end the next year, will amount cash, that 
the new coal pocket can paid for without issuing any further obli- 
gations. Otherwise, such provisions have been made, the coal 
pocket must the valuation simply its present value. 

This illustrates another method which may used esti- 
mate depreciation, and that is, when the physical valuation being 
made, estimate the amount, lump sum, which would take 
put each item first-class condition for the uses for which 
was intended, and then deduct this amount from the actual cost 
replacement cost, whichever plan being followed. This method 
estimating depreciation has its advantages that 
assumptions and the probable life structure; 
but, the other hand, has its disadvantages, inasmuch only 
applies strictly present-day values, and takes account the 
fact that depreciation apt more rapid the later years 
the life any structure. This one the reasons why the writer 
stated his opening paragraphs, that values for depreciation should 
determined for purposes comparison and study, 

page 209, land values regard “original 
cost” valuation, Mr. Wilgus says, “it ignores the increment that 
enjoyed all other property owners through increase the popula- 
tion and prosperity the country”; but, this connection, Mr. 
Wilgus seems ignore the following fact. railroad, or, fact, 
any other public service corporation, does not occupy the 
tion, relatively the public, the State, private citizen. 
corporation has being and existence until created the grant- 
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ing its charter the State, which charter defines just what 
direction the corporation exercise its functions. railroad cor- 
poration thus granted rights, privileges, and immunities the 
State, which are not accorded the individual. fundamental 
axiom both law and economics that something cannot obtained 
for nothing, and thus, return for these grants, the railroad must 
give some things the State, which the latter cannot demand 
from the individual. regard this question land, must 
remembered that, especially the early days railroading 
the United States, large grants land were made these corpora- 
tions the State, either without any compensation whatever, 
merely nominal figure. not equitable that the present 
tion, having lost this land through fault their own, should now 
addition indirectly taxed for what their ancestors gave away 
without compensation. 

the following paragraphs the writer wishes point out some 
additional anomalies and contradictions which would occur the 
replacement value new was used basis for rate-making purposes. 

old print, the great Tring cutting, made 1837, 
the London and North Western Railway, was excavated hand, 
and the spoil was removed hand-barrows, guided men, and pulled 
inclines the sides the cutting ropes passing over pulleys and 
worked horse-power. estimating such piece work for replace- 
ment value new, should these conditions duplicated, only with pres- 
ent-day prices for labor and should modern steam-shovel 
conditions prevail? seems the writer that, case like this, 
the railroad might find that, spite high labor and material prices, 
the cost such work would much less than the original figure, 
and thus ‘an injustice the company. 

Referring the temporary trestle work mentioned Mr. Wilgus 
page 211, many the early roads the United States such 
structures were built timber obtained along the line. surely 
would not just estimate value for such structure based 
present-day figures for the labor and materials entering into it. 

About seven years ago, the cost certain class steelwork, 
erected place, was 4.07 cents per lb. Since that time this price 
has not been reached, but the same class work has been done 
low 2.87 cents per difference 294 per cent. would 
not just say the railroad which had paid the higher price, 
“Here, you must reduce your capital, because the work can now 
done cheaper”. money was honestly invested, and would 
unjust wipe out part such capital. 

Another objection against replacement value new for rate-making 
purposes, that would constantly varying quantity, whereas 
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original cost date would only have corrected for such additions 
and betterments were added from time time. 

seems the writer that for rate-making pur- 
poses, the total cost the work date, the figure obtained. 
This figure represents the actual amount capital invested the 
enterprise. may argued that some railroads have depreciated, 
instead appreciated, and that rate could fixed, 
which would give fair return the investment. This true, but 
such case the enterprise not success, the company in- 
solvent, and should treated such. 

may also argued, Mr. Wilgus indicates, that this method 
valuation puts the older roads much more favorable position 
than those built later date. This also true, but was ques- 
tion for the promoters and these later roads consider 
their preliminary estimates, not for the State and the people 
consider now. 


T..Kennarp Am. Soc, E.—The Society, and indeed 
the whole country, owes Mr. Wilgus vote thanks for his very 
complete and valuable paper. difficult find phase 
the subject which has not touched. 

The valuation railroads is, course, one the most far-reach- 
ing and important investigations ever undertaken this any other 
Government, results obtained the present Commission 
will naturally inestimable value. safe say, however, 
that, unless this work done harmony with, and with the hearty 
co-operation of, each railroad, the results will not worth one- 
quarter what they should be. 

Although the speaker strong believer the benefits which 
will accrue from the present Government investigation, thinks that 
the ultimate object the value” the railroads; that is, 
the real commercial value—not artificial assumption. 

desirous buying anything, one must pay what the seller can 
persuaded take, and he, naturally, will not sell thinks 
can get better price elsewhere. seller likes think that 
getting back all that was spent his property plus interest, either 
simple compound, but would probably sell once for small 
fraction the cost, satisfied that the proceeds could invested 
net him larger safer income. 

The value railroad, like that any other property, must 
enormously from time time, due changed conditions 
changed management; and these fluctuations may have very little 
relation the original cost the property. 

buying fine diamond, does the purchaser inquire what was 
spent mining it? two young men take the same course 
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Harvard, one cost few hundred dollars year—which 
earns goes—and the other cost many thousands dol- 
lars, will not the first almost invariably able sell his services 
for higher rate? these two boys were invest the same amount 
money houses, one might build buy number houses which 
could sell big profit; the other might put all his money 
single house and not able sell for one-quarter its original 
cost. Two men might start grocery business, under exactly the 
same conditions, but with entirely different results, all know, and 
on, infinitum. Why, then, should railroad alone 
put false fictitious values its property—for sale, rate-making, 
taxation, its real value that time? 

Suppose railroad only couple hundred miles long. may 
first-class condition every respect, but has not working 
arrangement with other roads each end, whereby can obtain 
its share freight, its earning capacity will not enough pay 
operating expenses; and to-morrow new manager may “get the 
business” and pay the stockholders handsome profit. This has been 
done over and over again. one case young engineer, who saw 
western road which was “run told the owners what could 
they paid him percentage the profits; his proposition was 
accepted, and this made him multi-millionaire. How would any 
basis actual cost; cost reproduction, applied these cases? 

Mr. Wilgus very truthfully states that impossible ascer- 
tain the real cost railroad already built. also states that 
has never been possible predict the actual cost road; “cost 
reproduction” would come the same class. 

Among other things which have cost the railroads much and 
would hard find are the items ballasting mentioned Mr. 
Wilgus, who states that in. ballast are needed. many cases 
the depth the ballast actually more than ft. 

Cost litigation, and other obstructions property owners, are 
enormously expensive, not only directly, but also the brain energy 
required overcome them, which might have been spent the con- 
struction operation the road. For instance, the Chesapeake and 
Ohio Railroad, being unable obtain from old Virginian permis- 
sion use part his property, took possession. The owner removed 
the tracks and buried the corpse woman there; the railroad com- 
pany dug the body and buried 150 miles away; the owner found 
the body, brought back, and again buried the “right 
this time embedding concrete. the concrete was very hard, 
and the railroad company did not like use dynamite, simply 
raised the grade the track, and allowed the body remain 
peace under the rails. 
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Without the co-operation the railroads; investigator might 
easily overlook the old New York Central Railroad line through 
Kingsbridge, New York City, and estimate the Marble Hill cut-off 
fraction its cost. the West railroad tunnel which ‘had 
been closed three times land slides was abandoned for temporary 
line with very sharp curve, and years afterward was rebuilt 
different location. 

But why continue when every one knows that the exact: cost 
old to-be-built railroad can only ascertained 

Mr. Crehore’s suggestion, that the railroads put valuation 
their own property, has much merit, and reminds one the method 
used Germany for many years, the speaker believes, successfully, 
whereby the owner house gives the valuation his property, 
and this used the Government for purposes taxation and 
fire insurance. 


opinion, Mr. Wilgus should thanked for having brought out his 
points very clear form, these points being recognized 
Within few weeks after the issuance the paper the 
Government officials made some very important statements: First, 
that the valuation properties common carriers compliance 
with the Act, Section 19-a, original proposition; second, that 
continuing one; and, third, that the physical elements must 
compiled estimated accordance with the Interstate Commerce 
Rules Accounts, stated the Act. 

Under the first statement, that the valuation properties 
original proposition, appears probable that value which has 
heretofore been made will fully meet the requirements 
Under the second statement, that the requirement continuing 
one, becomes extremely important that records shall 
kept the cost all work, accordance with the Interstate Com- 
merce accounts. This statement also has led plans being formu- 
lated Government officials for preparing their files cover 100 
years. The third statement, that all records and estimates shall 
accord with the Interstate Commerce accounts, one the most 
important features the whole Act, because this simple requirement 
answers many the points raised the written discussions this 
subject, especially for the reason that the Interstate Commerce ac- 
counts are quite clear. Therefore, thought very important that the 
law should studied very carefully, good one many respects. 

Many progressive railroad properties double themselves. within 
years; therefore, suppose one makes valuation now, 
hence very little trace the items reviewed this date will found, 
because the properties are changing and building constantly. 
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The question has been asked, “What has the public gained 
existing railroad properties”? Recently, some records railroad con- 
struction between 1850 and 1856 have been found, which show that 
railroad was being across one the Colonial States, and that 
within years—before was entirely completed—the actual returns 
taxable values were doubled each the counties through which the 
railroad passed. This old record shows where both the individual 
land owner, and also the communities, counties, and State have gained 
from the fact that certain individuals combined constructing railroad 
properties. This one kind return out many others which 
have come every community and State which exist. 

Attention called the point in, the law, that the valuation asked 
for not confined altogether physical features; also, that the law 
specifically calls for the cost the property date; other words, 
that the investment property must determined closely 
practicable, being, important element. If, therefore, railroad 
has built property within recent years, has bought one 
earlier date, and has made considerable additions thereto since the 
date acquirement, the original cost plus the additions must 
determined. most instances records expenditures have been 
carefully kept, and usually there are three parties these records, 
namely, the railway company, the contractor, and the engineer. The 
amounts paid, therefore, show their face the true cost the work 
when built. 

Finally, attention called the recent decision the Supreme 
Court the Minnesota Rate Case, wherein favorable decision was 
given one case, and, that case, the original investment was 
protected. 

conclusion, seems important draw attention the greater 
likelihood overlooking items cost after the structure railroad 
has been completed than making proper allowance for contingencies 
before the work undertaken; and that these items cost, which 
are likely overlooked works already should 
for great detail, that the application percentages 
cover past contingencies may avoided far possible. 


necessary have more general acceptance what meant 
“cost” and Whether the “cost” construction 
actual cost, what should have cost under actual conditions and 
average good management, what should have cost under average 
conditions and average good management; and whether the value new 
corresponds with any none these. 

Assuming that the railroad’s actual expenditures 
determined, they would fact represent the cost, whether that cost 


Mr. 
Coombs, 

. 


DISCUSSION PHYSICAL VALUATION 313 


was unusually low, unusually high, unless accepted that deduc- 
tions should made for bad luck, ignorance, dishonesty. 

fact that, owing working conditions, weather, acci- 
dents, high wages, and relatively expensive material, certain work 
cost the railroad amount greatly excess its probable cost 
under average conditions and efficient management, should the actual 
cost accepted its value new? 

the necessity maintaining service compels expensive construc- 
tion, should the excess cost over that average conditions remain 
part the cost the work, and would that cost accepted 
the value new? 

the improved methods construction now available would 
decrease the cost new work below the amount actually expended, 
should such methods used estimating the value new? 

the original contour and the topographical conditions along the 
line are assumed restored the cost reproduction new, fair 
estimate, some cases least, would require assume the sur- 
rounding country restored and make some allowance for working 
under such conditions. 

Until those discussing this.matter agree the foregoing points, 
there will naturally agreement further extensions the 
subject. 

That the actual cost would difficult determine does not appeal 
the writer logical reason for discarding altogether. many 
cases the cost reproduction new might used “side light” 
the actual cost. 

must admitted, however, that the actual book records are 
not absolute cost records. fact, the writer does not that 
the accounts any railroad, and but few contractors, would show 
the complete expenditures for given construction. 

Referring the acceptance one basic principle another, and 
the deduction inclusion depreciation, depending the pur- 
pose the valuation, would appear: 


directors have set aside depreciation fund, 
that fund plus the physical property represents accurately 
the full physical value the property, and may properly 
used the physical value for any purpose. 

such fund has not been established, the physical 
value represented the actual physical property, and 
less than 100% its book value. 

Third.—As the present stockholders are not necessarily the orig- 
stockholders, some them, under the last assumption, 
are innocent purchasers stock which does not represent 
full value, far the physical property concerned. 
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Fourth.—The physical valuation railroad its valuation 
railroad its present location, and, from engineering 
standpoint, the value should the same either for sale, taxa- 
tion, rate-making. 

taxes are too high too low,.change the percentage; 
freight rates are too high too low, change the rates. 


engineers who have advanced their profession, and have been 
through the construction period from beginning end, this paper 
will most certainly appeal, for describes detail the very steps 
taken building railroad. 

yet, the physical valuation railroads its infancy, and 
definite method has been determined for making such valuation; 
but Mr. Wilgus has done great service the Profession pub- 
lishing his paper, and this will proven when the final 
valuation determined the Government. 

The method used arriving the valuation some- 
sale, would seem that the property should turned over repro- 
duction value, less depreciation; but the property kept 
substantial manner, the writer that the cost re- 
production new the method which comes nearest any that has 
yet been advanced putting all roads the same footing. The 
original-cost-to-date method valuing would not seem writer 
fair for all, for until very recently the railroad companies 
were rather slack keeping accurate costs work. Take 
built the Sixties Seventies, the books which have been kept 
(and the writer doubts there are very many such roads); the 
books would show the money that had been put into the railroad, but 
without any allowance for the enhanced value the property. Per- 
haps the road ‘adjoining has kept books, and, consequently, 
order arrive the present value, some method reproductive 
value must used. 

the first instance one cannot, any arbitrary rule, arrive 
the present-day values unless one gets the cost reproduction; 
and this done, the original cost use side light. Then, 
again, rarely “original costs” are the whole con- 
struction work contractors have often received extra compensation, 
either agreement through legal process, which does not appear 
the book cost the work. Book costs show the cost the property, 
but rarely include all the costs, such engineering, legal fees, 
commissioners’ fees, interest money during construction, and oper- 
ating losses, which really are part the cost the property. 
many instances land has been given have been 
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made, for establishing side-tracks, ete., order induce 
the company build. would seem the writer they were 
just much part the road that should allowed earn interest 
that which was paid for. taxed, and sold and credited 
the company. many instances the purchase price land 
more than the value the adjoining land, and rightly so. Those 
who have had with the purchasing right way know that 
one cannot diagonally piece farm land, say 
take out acres, and leave the remainder the same value per acre. 
For that very reason extra price has paid, whether 
called increment, damages, inducement sell. there, 
and part the cost the property. 

for any reason the records the purchase this piece were 
destroyed, would not seem fair that should valued 
the basis the value the adjoining property. true that rail- 
roads can condemn, but, with small pieces land, generally cheaper 
purchase higher price than through condemnation pro- 
ceedings, pay for commissions, lawyers, engineers, and witnesses, 
which, the property not expensive, amounts big percentage 
the cost. Take the same case acres land, at, say, $10 per 
acre. The owner for some reason, often for gain, refuses sell. Has 
been the experience any one who has purchased land for right 
way that the railroad company can get the acres land needed 
for $20 condemnation? No; the lawyer, the commission, the 
witnesses, the engineering, etc., would cost more than twice that 
amount, and some must found include these legitimate 
expenses the value the land. Otherwise, the railroads will have 
put capital which return the way dividends can 
paid. This certainly would not seem fair the investor. 

The writer believes that proper charge property with its 
share the engineering and legal expenses, and contingencies, for the 
very good reasons set forth Mr. Wilgus. 

For rate-making purposes not believed that depreciation should 
deducted from cost reproduction. Depreciation element 
operating costs and obligation the stockholders. 

railroad has been allowed run down while dividends have 
been paid, then the stockholders should forego dividends, and the 
earnings should put into the property until brought 
standard. 


Ese. (by writer has read this 
able paper with great interest, based large practical experi- 
ence, and deals broad and comprehensive manner with sub- 
ject which vital importance both the railroads and the gen- 
eral public. 


Mr. 
Ingersoll. 


Mr. 
Waitt. 
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Waitt. 
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Probably few, any, men have given deeper more conscientious 
thought the subject, have had such extensive practical 
experience enable them deal with the matter fairly and com- 
prehensively, Mr. Wilgus. 

the writer’s firm conviction that determining the phys- 
ical value railroad properties for purposes 
justice and equity, only one basis can used, namely, that which 
considers the actual required reproduce the conditions and 
facilities found necessary the railroads produce their revenue, 
and fully agrees with Mr. Wilgus that for rate-making purposes 
depreciation should not deducted. 

intimate relation with the shop equipment and rolling stock 
both American and European railroads for long period has caused 
the writer study especially the treatment these important ele- 
ments the total valuation 

Oftentimes, his practical experience, the question has arisen 
whether comparisons the values equipment rolling 
stock taken different periods, several years apart, would show 
appreciation depreciation. every instance, careful analysis 
the facts and figures, ignoring new equipment charged the 
“capital” accounts, has shown appreciation 
values, due the fact that new tools and rolling stock purchased 
replace old ones were invariably heavier and more valuable than 
the worn out obsolete equipment. would true only few 
exceptional cases that, valuations made years apart, there would 
actual depreciation total values unincreased equipment. 

physical depreciation were deducted from cost reproduce new, 
figures would obtained which would not fairly represent the capital 
involved provide the facilities and operating conditions the rail- 
roads, for which adequate rates for transportation should allowed. 

fair valuation equipment rolling stock, or, fact, any 
the elements composing the railroad’s total value, cannot made, 
except reasonable personal examination qualified experts 
the different fields, and cannot done equitably arbitrary 
set rules applied regardless local conditions. 

determine its purchasable value any given time, different prin- 
ciples would apply, and such cases the cost reproduction new, 
less existing depreciation, would the correct measure value. 
valuation for this purpose, set prices and rules, applicable 
all cases, can established; the prices and percentages must 
established after examination sufficient portion each class 
equipment enable expert determine the comparative initial 
values and the quality standard maintenance, this latter 
used the case each class equipment rolling stock. 
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would manifestly unfair value the same standards mr. 
and figures the property two railroads, one which constantly 
purchases new locomotives, cars, machinery, and tools the highest 
grade, having all the best features for obtaining high efficiency ser- 
vice and longevity equipment, and which, the wise expendi- 
ture money, the equipment maintained the best condition 
for service, while the other road purchases cheap equipment and 
expends little possible maintenance. Situations approach- 
ing each these cases will found, and the writer maintains that 
they can only handled equitably qualified expert judgment after 
personal inspection. 

more important facts can urged for consideration and cor- 
respondingly wise action than those which are made prominent 
Mr. Wilgus’ paper, but closing the writer wishes again empha- 
size two them which, his mind, are the most important, namely: 


cost reproduction new without depreciation should 
taken the only fair and true measure the physical valuation 
railroads for purposes rate regulation. 

2.—Expert skill and experience must enlisted order make 
proper estimate of.the true value railroad properties. 


Stevenson Esq. (by general principles in- 
volved methods determining valuations railroads, 
with the attendant matters bookkeeping, establishment costs, 
and the important subject depreciation, have been considered 
the author with admirable thoroughness, and the writer has good 
reason for differing from his conclusions. 

hope encourage “men fitted experience, acquaintance- 
ship, resourcefulness, courage, and tact,” well investors large 
and small, that the building, extension, and upkeep railroads 
may proceed further advance the interests the whole country, 
must deal justly with this broad question public utility and with 
those who are and who may become directly interested therein. 

The author has pointed the There may differences 
minor details, but his paper covers the subject masterly manner 
and with fairness and justice all concerned, including the general 
public, 


railroad properties this country under the recent Act Congress 
indeed Herculean task, probably the greatest that has ever been 
undertaken our Government. The results this work will far- 
reaching, light they may considered, whether for pur- 
poses taxation, rate-making, ultimate Government ownership, 
for the purpose regulating stock and bond issues, now the 
case Texas. 


Mr. 
Hand. 


Mr. 
Hand. 
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The writer, however, cannot agree with the author that the ultimate 
valuation shall depend the purpose for which used. There 
can but one measure actual value, the Courts have said that 
the value property depends the use whiclr put, and 
railroad property can certainly only used for railroad purposes. 
valuation placed the property for rate-making purposes, where 
the injustice requiring taxes paid the same valuation? 
Taxes are only one item expense the operation and maintenance 
railroad, and are taken into the accounts such and are con- 
sidered fixing rates. 

The sale-value method would hardly seem worth considering 
this connection, many questions franchises, connections, 
traffic facilities, outstanding obligations, and many purely intangible 
elements value, that might and usually have weight with the 
purchaser, would enter into the transaction probably modify the 
actual physical value very materially. 

Should the Government ever acquire the roads, the owners would 
insist being paid the value them the time purchase, and 
would probably also insist capitalization value most cases. 
that event, the valuation made the Interstate Commerce Com- 
mission would most valuable, the relations between actual values 
and capitalization will clearly defined every instance. 

The Act Congress provides that Original Cost Date shall 
determined one the alternative plans, and, Mr. Wilgus truly 
says, this will difficult undertaking. Simply because difficult 
many the old records are very incomplete, and also that many 
them are missing, but all that almost any appraise- 
ment there are some missing and incomplete records, and that 
back the period construction for cost data, and 
that the greatest also necessary estimate properly all condi- 
tions existent the time when the work was actually done. This will 
times extremely difficult, but with care should not impossible. 
writer remembers case point: Some years ago line 
railroad was built across marsh for about 3000 ft. There was 
pile-driver available, and the line was cribbed with timbers cut from 
and adjoining the right way, very expensive operation. soon 
the track was laid top-driver was pile trestle was 
driven. few years the marsh was drained and the entire 
trestle was filled with steam shovel, and now there indication, 
except the absence borrow-pits, which would put experienced 
engineer inquiry, to. show but what the entire fill might not have 
been put the time the road was originally the 
original records this case are available; they are not, in- 
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original cost could arrived pretty accurately. 

Original Cost Date evidently intended the Act show 
the amount capital actually invested the properties, and all the 
items original cost are included the result should very satisfactory. 

The author’s ideas Cost Reproduction New are extremely 
lucid, and would probably accepted most engineers experience 
giving good definition the various steps, except possibly the 

“educational and stage,” which not closed chapter 
when the road becomes self-sustaining dividend-paying proposition. 
This system education and development never completed, but the 
cost, course, part operating expenses. 

The method valuation Cost Reproduction, Less Deprecia- 
tion, which provided for the Act, probably the one the three 
methods which will productive the most discussion, and the one 
which the greatest variance views will appear, except possibly 
the question estimating proper land values. This extreme vari- 
ance opinion appears the writer chargeable the effort 
establish fixed basis standard which depreciation shall com- 
puted. course beyond dispute that nearly all the essential parts 
railroad are constantly wearing out, and consequently depreciating, 
but. constant repairs and renewals are being made, paid for out 
operating expenses, that first-class railroad may all times said 
nearly 100% perfect, from the standpoint efficiency. such 
case, depreciation surely negligible, amortization surplus 
fund being constantly set aside provide for renewals and also for 
obsolescense. This fund, whatever name may called, pro- 
vided out earnings, that is, being provided the public, and 
its reinvestment should not taken into capital account. 

Unfortunately, not all roads have handled this matter this man- 
ner. Some them have paid their stockholders, dividends 
otherwise, the money which should have been set aside, and floated 
another bond issue when extensive renewals improvements became 
necessary, and other roads have never been able, from one cause 
another, earn enough money set aside anything for these purposes. 

These are the actual conditions they exist our different roads, 
and the writer can see way, except careful and painstaking 
examination each particular case itself, arrive fair estimate 
depreciation. general formula can adopted which will 
fair all cases. 

The land values also one which there are many 
varying views. The author says: 

“The ‘original cost? measure land values believed unfair, 
for two reasons: ignores the increment that enjoyed all other 
property owners through increase the population and prosperity the 


quiry and investigation would detect the original conditions, and the 


Mr. 


country; and would lead the inconsistency low original values 
lines unfortunate enough have preserved their land records, and 
high costs adjacent lines where the absence records would make 
imperative the use present-day values.” 

The writer unable see anything really this, under 
the provisions the Act both the Original Cost and Cost Reproduc- 
tion New are ascertained. increment could claimed under 
the first, the purpose ascertain the original cost only; and, 
case the company’s records are defective, reference county records 
will generally give the desired information. the second case, the 
present-day values can readily found, although there are many dif- 
ferent plans suggested for arriving The writer believes that 
this too should the subject careful painstaking investigation 
each individual case, and that rule can fixed which will all 
fair both the railroads and the public. The right way through 
each tract land should considered separate unit, and the mat- 
ters severance, plottage, and other damages, should considered 
they affect each tract. uniform percentage can used which will 
reflect actual values accurately, for perfectly obvious reasons. The 
writer has known many instances where rights way were obtained 
through comparatively large tracts when only actual acreage values 
were asked. The lands were not badly cut up; cattle passes overflow 
waterways gave ready passage from one side the other, and dam- 
ages beyond the acreage value could shown. the adjoining tract, 
however, the situation might quite different, but simply because 
damages were caused one case sum perhaps more than equal 
value the land, reason why percentage should added 
the other. 

this paper the author has not considered the capitalization the 
railroads factor ascertaining values, but the writer feels con- 
strained add few words this phase the subject, believes 
very live question and one that will brought the attention 
the Valuation Division many times before this work complete. 
fact, considerable stress was laid this feature many the dis- 
cussions Congress during the pendency this Act and the dis- 
cussion incident the passage the appropriation for beginning the 
work, 

The pertinence discussion this feature will apparent 
the event that, result this Act, attempt should made 
regulate the issues stocks and bonds, should proposition for 
Government ownership seriously considered. 

There pretty widespread impression that there enor- 
mous quantity water railroad securities, although this stoutly 
denied the railroads and such statistical authorities Mr. Slason 
Thompson. 
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Mr. Thompson presents imposing array figures show 


the railroads the country, taken whole, could hardly repro- 
duced for the amount their outstanding stocks and bonds, and then 
goes and shows, from these figures, that the money invested 
railroad securities only earning very moderate rate interest. 

This would appear settle the question, but does Let inquire 
the source these stocks and bonds. 

Many our roads were financed and built what noted captain 
industry characterized the “package system”. 

corporation was organized with capital say 000 com- 
mon stock, and bonds was immediately issued. lot 
preferred stock was also issued some instances, These were sold 
investors syndicate the best price obtainable, that is, the bonds 
were sold, generally below par, and bonus stock was given with each 
bond subscription. This was the “package”. 

The road was built from the proceeds the bonds, the remainder 
the stock being retained the promoters. now have road 
which cost not more than and even less, less than par was 
realized the bonds, but which capitalized more 
stock and bonds. will assume that this occurred twenty 
thirty years ago. The road since that time has been ably managed, 
and sufficient money has been saved from earnings keep the road 
good repair, and addition make continual improvements, such 
ballasting the track, replacing wooden bridges with steel and concrete 
structures, buying new and heavier locomotives and modern equipment 
all kinds, until now the road actually worth the amount its 
capitalization. Consequently, the stockholders insist that there 
water the capitalization, the road could not duplicated for any 
less than the amount its outstanding securities, even could 
done for that, account present higher prices. But, whose 
money has made this present value? Has any one put anything 
since the original construction the road, except that which the public 
has paid rates? does not need diagram demonstrate that 
one-half least the capitalization water, is, any rate, the 
profit made the stockholders who originally put nothing. 

will urged that the promoters were entitled good profit, 
and that they and their successors are entitled this increment. 
account their able and efficient management, and certain extent 
this true. The fact remains, however, that, valuation made 
having regard the original investment, some one has made quite 
lot money the expense the public. 

This particular state affairs, course, did not occur all cases, 
and perhaps not even majority them, but serves show the 
fallacy the position that because the present value the roads 


nd. 
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equal their capitalization, is, that there water such 
securities. 

When the valuation the Interstate Commerce Commission com- 
plete will have much better idea where stand all these mat- 
ters than now, and the results will undoubtedly worth much 
more than their cost. 

Norcross, Am. Soc. (by Wilgus has 
presented paper which deserves not only the approval the Engineer- 
ing Profession, that the legal and commercial world. 
has analyzed the fundamental principles valuation utili- 
ties and presented them such clear-cut and concise form that 
has left little opportunity for discussion. The writer feels safe 
asserting that this will become notable addition that rapidly 
growing branch engineering literature, “Valuation Util- 

The writer believes that “valuation” “value” one the most 
misunderstood words the English language. like sharp- 
edged tool, which, when used artisan, will perform the 
functions imtended, but, when handled one not competent and 
experienced, will become menace and danger. 

The Matter Value—The work performed the specially 
appointed Valuation Committee the Interstate Commerce Commis- 
sion, involves the determination the value the most important 
and largest branch utilities. railroad necessarily prop- 
erty such character that has not what generally known 
“market not like commodity which frequently 
bought and sold the market, the large number sales form- 
ing basis for determining that which usually termed “market 
This condition does not usually exist with 
The may such that the utility being considered 
not salable. Even such condition existed, would not affect the 
question 

utility matter judgment, and the accuracy the determination 
depends upon the integrity, fairness, technical training, 
character, experience, and sound good sense the man (or men) who 
makes it.”* 

The writer agrees that the practice estimating “Cost Repro- 
duction New” prominent factor determining the value 
property. This principle has been adopted the commercial world 
proper method for determining value. most important 
have clear and comprehensive understanding this method, other- 
wise correct conclusion cannot reached. 


*‘*In the Matter of Condemnation Proceedings Before a Condemnation Court,’ Des 
Moines, Iowa, vs. Des Moines Water Company Brief Guernsey, Parker and Miller. 
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The appraiser must place himself the position some one 
who about build railroad, and must through all the different 
processes from its conception its completion and operation, 
arrive the proper value the physical property, revenue, and 
other characteristics, which are all elements value the cost 
the complete system. 

One the most important things involved the estimate the 
cost reproduction inventory the property repro- 
duced, and the preparation this inventory naturally one the 
most arduous tasks that will undertaken the Valuation Com- 
mittee. This inventory, when completed, the basis for estimate 
the cost reproducing the physical property, and should made 
honest, competent, intelligent, and experienced engineers. 

the adoption unit prices, these should based actual 
experience, covering construction work similar nature under simi- 
lar conditions, and should not predicated more arbitrary esti- 
mates. 

What ascertained the value the property to-day. Any 
attempt estimate the cost reproduction under conditions that ex- 
isted, might have existed, the time the property was constructed, 
would most probably result estimate inaccurate that would 
serve the purpose for which was made, might more 
less than its present value. 

whether depreciation should taken into account depends 
entirely the purpose for which the valuation made. are 
seeking present value, then depreciation cost what 
are seeking, depreciation absolutely immaterial. The very 
reason for taking depreciation into account ascertain present value, 
however, requires that appreciation given the 
The writer aware that there are authorities who take opposite 
view, his the foregoing the correct 

the present time, the work the Valuation Committee only 
its and such paper Mr. has written should 
inestimable value the members the Interstate Commerce 
Commission. 


masterly consideration the subject, and though specifically ap- 
plied railroad valuation is, fundamental principles and much 
detail, equally pertinent other cases. 

The-author’s professional standing and experience give great weight 
his conclusions, almost necessarily the case the earlier 
consideration any question moment, there are many who, viewing 
the situation from other angles, will find points difference, particu- 
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|_| 


Mr. 
Harte. 


324 DISCUSSION PHYSICAL VALUATION RAILROADS 


larly the matter the treatment depreciation, this independently 
the series consistent decisions the Supreme Court. 

Primarily, although many the elements entering into are 
difficult exact determination, valuation the establishment 
fact, and such should vary only the personal equations 
the experts employed different determinations are reflected the 
variables; its intended use should have consideration establishing 
fundamental values, although may determine what these values 
shall make the total obtained. 

the method followed determining this fact the 
value, the “Sale Value” defined the author might more properly 
termed the “Scrap Value,” disregarding does not only the com- 
plex and moot factors arising from “going” concern, but also the 
obvious fact that the assemblage the parts into complete but 
“dead” system affected only very considerable cost over and 
above the price the constituent materials such. 

Only those who have attempted the task can fully realize the utter 
hopelessness, least many instances, determining with accuracy 
the “Original Cost nor the result obtained under the 
most favorable circumstances necessity correct valuation. “High 
Finance” methods the one hand, whereby the directors railroad 
pay themselves, directors “Construction Company,” contract 
prices far excess normal, abnormally low prices the other 
hand, say nothing items omitted from the record, will give 
“Original Cost” which was not true value the time construction, 
and may well much more inaccurate later date, while appreci- 
ation depreciation, both which should have full consideration, 
are entirely ignored. The Supreme Court, the Minnesota 
Rate Case decision, simply adds one more the consistent chain 
precedents when says: 


“Tt clear that ascertaining the present value are not lim- 
ited the consideration the amount the actual investment. 
that has been reckless improvident, losses may sustained which 
the community does not underwrite. the company may not 
protected its actual investment the value its property 
plainly less, the making just return for the use the property 
involves the recognition its fair value more than cost.” 


whether the reproduction cost shall figured 
“Less depreciation” there can but one answer: for both 
are essential proper understanding conditions. author 
argues for “Reproduction but would seem that doing 
takes too much for granted. true, course, that sinking 
fund should amortize those wastes substance which practice 
are replaced only considerable intervals, and after the loss has 
reached critical value; and that regular maintenance should care 
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for every change that can met occurs, but these are facts 
determined, and, except can shown that the decrease 
physical value due such wastes actually, the specific case consid- 
ered, has been compensated funding provisions, and such fund 
made part the valuation, the physical value total must reflect 
the depreciation. 

the case the coal pocket cited the author, will hardly 
contended that, its all but broken-down condition, the pocket 
has the same physical value after the subsequent complete rebuilding 
—nor can there doubt that, with properly maintained and applied 
amortization fund, the total value the railroad whole the 
same each time. 

“Tf, however, company fails perform this plain duty” (to make 
provision out earnings for replacement waste) “and exact suf- 
ficient returns keep the investment unimpaired, whether this the 
result unwarranted dividends upon over issues securities 
omission exact proper prices for the output, the fault its own. 
When, therefore, public regulation its prices comes under question, 
the true value the property then employed for the purpose earning 
return cannot enhanced consideration the errors manage- 
ment which have been committed the 

“Tt must remembered that are concerned with charge 
confiscation property the denial fair return for its use; and 
determine the truth the charge there sought ascertained 
the present value the property. The realization the benefits 
property must always depend large degree the and saga- 
city those who employ it, but the appraisement instrument 
publie service, property, not the skill the users. And when 
particular physical items are estimated worth much new 
fact they depreciated, this amount should found and allowed for. 
this not done the physical valuation manifestly incomplete. 
And must regarded incomplete this case.” 


interesting note that the March 1913, amendment 
the “Act Regulate Commerce” February 4th, 1887, providing for 
the valuation property carriers subject the act, requires the 
determination all the above methods except the sale value, calling 
for “the original cost date, the cost reproduction new, the cost 
reproduction less depreciation, and analysis the methods 
which these several costs are obtained and the reason for their dif- 
ferences, any”. 

Considering the details ‘treated, the recognition the initiatory 
and developmental expenses legitimate elements value will 
assented all familiar with the facts, but detailed analysis 
actual expenditures will undoubtedly required establish the fact 
legal basis. 


Knoxville vs. Knoxville Water Co., 212 10. 
Minnesota Rate Case decision. 
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The point many contingent items, difficult foresee the origi- 
nal construction recognize appraisal, well taken. Quick- 
sand, covered bogs, swelling clays, shattered ledges fragments too 
large handle with ordinary equipment and too small blast except 
high cost-—the list could carried out almost indefinitely—all are 
predetermined only much more careful and expensive investiga- 
tion than practicable the majority cases, and are still more 
after the work. The author notes the case rock 
masked earth washing over it, but here some clew may had 
earlier conditions. the case drained sections, however, quicksand 
bog conditions which caused exceedingly heavy expense will often 
completely removed after some time the lowering the water- 
table, 

the case fills, would seem difficult successfully 
appreciation equivalent the cost compacting puddling and 
rolling, such condition density not essential. There is, too, 
room for difference opinion the extent which proper 
include costs cleaning out cuts after operation has begun. With 
traffic any moment, such work extremely expensive, and though 
there can question the propriety considering part 
the value the property the fair price every yard removed, there 
good argument against the the excess due work 
under regular operation, the ground that such necessity arises 
from improper first construction. 

The use, determining interest, “consistent” progress, 
least conservative. condition one two critical points where 
unforeseen contingencies one sort another have delayed opera- 
tion the system until long after everything else readiness, 
all unusual; and, under the regulations to-day, system 
ready for operation may held idle for considerable time pending 
the necessary authority. ease the point that the Hampden 
Railroad, Massachusetts, which, ready for operation June Ist, 
1913, after expenditure said have been practically 
this ‘writing, months later, still awaiting approval its financing. 

the matter land values, one with any knowledge whatsoever 
the facts can sustain the that strip land for right 
way does not cost considerably more per unit area than adjoining 
land purchased normal parcels. Interference with the use the 
portion cut, off, where the property re- 
mainder undesirable size—these are takings prop- 
erty rights the portion left real the land itself taken 
and must be—and condemnation awards invariably are—given 
proper compensation. less effective enhancing legitimate values 
the advantage the situation often taken shrewd owners. 
true that railroad has the right eminent domain, but the exercise 
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this right the award the cost the proceedings, and the 
delay—a case Connecticut, begun 1908, was not settled until the 
spring 1913—often involyes such expense interest the, sus- 
pended construction make payment outrageous price much 
less expensive than wait for the more reasonable Court award, 

the Minnesota Rate Case, the Court, true, refused allow 
“the so-called railway value the property”, but that. this was due 
faulty presentation the case obvious the opinion: 


“But aside from this, impossible making 
judicial finding what would cost acquire the property, that the 
company would compelled pay more than its fair market value.” 


And again: 


“The Company would certainly have grounds complaint 
were allowed value for these lands equal the fair average market 
value similar land the vicinity, without additions the use 
multipliers use, cover hypothetical outlays.” 


These quotations clearly show the failure, the part the rail- 
roads concerned, develop legally the fact that “the fair average 
market value similar land the vicinity” the value land 
right-of-way shape, and not that land normal parcels. 

this connection the engineer engaged appraisal should bear 
mind what too often forgotten overlooked, not only 
laymen, but lawyers well: The expression, “Blind Justice” 
applied the Courts mere figure speech, but cold, hard 
fact. The lower Courts have very little considering any 
facts case, other than those legally presented, “judicial notice” 
relieving from proof only such facts common knowledge 
beyond any question; and the higher Courts are bound 
the records the lower Court from which ‘eame the case. 

The facts, therefore, appraisal—and for that matter 
understood, but that they cannot misunderstood: 

has been argued that land oceupied railroad. not. entitled 
any appreciation over its first cost,.on the ground, that 
appreciation due the railroad, the latter. were de- 
question fact. growing community with insufficient transporta- 
tion facilities railroad will almost invariably bring increased general 
values; but, except creates unusual manufacturing other com- 
mercial facilities, will depreciate its immediate vicinity; older 
settlement, having fair service, such railway improvements addi- 
tional trackage, increased terminal facilities, and the like, rarely add 
general values, and almost, invariably depreciate the territory 
affected. 
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fact, the entire question land and all other values harks back 
the proposition that appraisal statement fact, depending 
many variables; given outline the conditions, the use aver- 
ages will give fair approximation the total; but that appraisal 
which stand the test the Courts—and that the final test— 
must based on, and must show beyond question and detail, the 
elements which the total made. 


Green, Assoc. Am. Soc. (by the subject 
valuation such prominent place public thought the 
present time, full discussion the members this Society will 
most opportune. That correct principles may expounded eventu- 
ally, and erroneous conceptions convincingly exposed, consumma- 
tion “devoutly wished.” 

pages 307 and 308 occurs the statement: 

railroad, or, fact, any other public service corporation, does 
not the same position, relatively the public, the State, 
private citizen. corporation has being and existence until 
created the granting its charter the State, which charter defines 
just what direction the corporation exercise its functions. 
railroad corporation thus granted rights, privileges, and immunities 
the State, which are not accorded the individual. funda- 
mental axiom both law and economics that something cannot 
obtained for nothing, and thus, return for these grants, the railroad 
must give some things the State, which the latter cannot demand 
from the individual.” 


This reflects the popular attitude, but correct? said that 
the corporation originated the days the Roman Republic, when 
vast undertaking, requiring long period time for its completion, 
necessitated the creation body without decay, mind without 
decline.” The production wealth flows from the application capi- 
tal and labor the development natural resources. Public wealth 
measured the magnitude private wealth. The development 
natural resources, therefore, must inure the public benefit. Would 
our country well developed and prosperous to-day the organi- 
zation corporations had never been permitted? Could our present 
development have been attained individuals co-partnerships? 

nation may likened corporation—its life derived from its 
Constitution. Does not such nation gain “something for nothing” 
when assumes its Governmental functions? But, say, the Gov- 
ernment, return for what receives, gives protection its citizens, 
and therefore reciprocal benefits are enjoyed. How the case 
railroad corporation? derives its life from its charter. 
sane Government would give life corporation unless expected 
benefits flow therefrom. privileges, and im- 
munities” granted the State the corporation presumably refer 
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the right eminent domain. Does the State confer this right from 
motives prodigal generosity, pro bono publico? the cor- 
poration, the enjoyment it, get something for nothing, does 
pay handsome price for condemned right Any one with 
experience condemnation suits knows the answer. 

Elsewhere the discussions appear references the acquirement 
rights way private donation, and intimations that 
the people should now turn “Indian givers” renouncing the acts 
their forefathers. such acquirements had been obtained fraud, 
the such procedure could hardly with justice questioned; 
but, when these ancient transactions occurred, were the railway cor- 
porations the only beneficiaries? Does the construction railway 
through undeveloped country produce any increment land values 
Was the value the land acquired for right way, before the con- 
struction the railway, more than small fraction the increase 
land values enjoyed the owners after its construction? Therefore, 
was the donation the way betrayal the rights pos- 
terity, shrewd business move? If, the construction railway 
through undeveloped country, the corporation the means dou- 
bling land values, the increment accruing the landowners being en- 
tirely providential, society treating the corporation with equity and 
fairness when says: “Thou canst take the chances going broke, 
but thy venture shall profit thee, thou shalt enjoy only the legal 
rate 

The writer believes the existence rational grounds for making 
the rate function the valuation such utilities gas companies, 
telephone companies, but has the temerity, here and now, ex- 
press the opinion that the application this theory railway rates 
utterly fatuous, and predicts that, far materially altering 
present rate conditions concerned, the Federal Valuation Rail- 
ways will prove “much ado about nothing.” 

would futile, however, even attempt stem the tide 
clamor for valuation. One who has had experience 
physical valuation can have adequate conception the obstacles 
encountered such work. The writer’s limited experience this 
work has already taught him the necessity depending 
the actual engineering and accounting records, whenever they are avail- 
able, rather than mere conjectures what the cost ought be. For 
example, certain passenger station would appraised probably 
nine out ten experienced and expert engineers about $75 000, origi- 
nal cost. examination the original plans and accounting data, 
however, reveals extraordinary foundation difficulties, the conquest 
which cost nearly more than the amount that would ordinarily 
estimated. Again, certain right way was obtained through 
condemnation proceedings cost somewhat excess $100 per 
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acre. This was the cost the corporation, although the actual value 
the land that time was not more than $35 $40 per acre. Would 
appraisal which failed take such matters into consideration 
full justice the corporation 

Again, argued that original should constitute present 
value for valuation purposes. equitable deny corporations 
the increment which freely conceded 

Referring the proposal deduct depreciation from cost 
plant: pointed out ably Mr. Humphreys, plant maintenance 
provided for out earnings, and would contrary 
reason make charge against capital. the other hand, the 
very purpose depreciation reserves maintain unimpaired the 
capital originally invested—to keep the capital alive, were. 
long such reserves are provided, and original capital not depleted, 
deductions should made from original cost plant. 

For valuation purposes, railway should not considered merely 
collection various items, the value which could determined 
speak. There vast difference, for example, between the summation 
values the constituent parts mule, when dead, com- 
pared with his live value “going concern.” 

the task placing valuation railroad property, the Interstate 
Commerce Commission has been granted large powers, and the results 
this valuation vital the railway companies the United 
States. 

The figures furnished the Commission will certainly utilized 
for the purpose fixing rates, least, adjusting rates, and 
quite probable they will also used fixing the compensation 
paid the purchase railroad property outright the Government. 

The very able and complete manner which Mr. Wilgus has pre- 
sented this subject leaves little room for criticism members the 
Society familiar with railroad conditions. That the method valuing 
“Cost Reproduction” eminently fair can hardly denied, and 
hence, seemingly, the only thing discuss the question depre- 
Volumes have been written multitude authors 
this subject; the Courts have decided that “depreciation” must con- 
sidered valuing public utilities, and, view recent decision 
the Minnesota Rate Case, the method “Cost Reproduction” 
with depreciation considered will probably used whole part 
valuing the roads. 

Just what depreciation and how should applied railroad 
valuation big question. Science teaches the indestructibility 


matter, and are all agreed that, once created, matter cannot de- 


stroyed. all know, however, that can, and does, change very 
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materially. The component parts railroad company’s property 
are made materials and things which are continual process 
change form. They have certain value one form and perhaps 
another value another form, until, time goes on, they are 
value for their original purpose, and are dispensed with, or, say, 
renewed. Between the minute they were first used and the minute 
they will discarded, some change shape, form, appearance, 
general utility has been going on, but, until actually discarded, their 
usefulness not impaired affecting other items; only takes 
lower standard. 

agreed all that railroad property, the very nature its 
use, must considered different light from ordinary private prop- 
erty. This reasonable because the large sums invested such 
property, and because, speaking generally, can only used for one 
purpose, and for any other would valueless, or, least, greatly 
lessened value; hence, seems clear that its true value made 
its value for this purpose and other. 

This value can ascertained, all cases, the method well 
outlined Mr. Wilgus, namely, the Cost Reproduction, provided 
intelligent men are guided right principles know when 
they have reproduced the 

not true that making new every component part unit 
railroad reproducing that railroad. All will recognize this fact. 
Neither does the writer consider fair treatment such property that 
actual physical depreciation based age written off against each 
item unit, when, whole, the item unit, classified, say, 
under the Interstate Commerce Commission Classification, 100% 
efficient when joined with other items. 

Therefore, fair and equitable valuation must based on. the 
following principles: 

(a). should fixed for the items under the Interstate 
Commerce Commission Classification, far these accounts cover 
measurable items, and all items included these accounts should 
given marking, 100. This marking, however, not based 
the age the item, but its condition for the purpose for which 
utilized. The standard set 100 should brief 
statement, applicable each account, and this 
mation condition, taken the field—the value the item 
component part the whole, rather than separate entity, 
can determined. This should followed for each 
mile main track, for each 10-mile section, otherwise, seems 
most convenient. show how this would. work out: Account 
through Account 16, “Interlocking Signal Ap- 
paratus”, includes all accounts and all items covering section rail- 
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road track. For each these accounts, the writer would define 
standard and give that standard rating 100. “Grading”, for in- 
stance, Account would have standard equal first-class, work- 
man-like piece construction, full width all cuttings and embank- 
ments, well-shaped slopes, fact, such standard any 
competent railroad construction engineer could easily define, keeping 
mind the requirement mentioned under All measurements 
quantities are then made from the profile the field. the 
work performed meets the requirements the standard, values are 
fixed full prices reproduce. embankments, seeded 
slopes, and other betterments age, but which actual money 
was expended, will receive advantage over newer work, except 
the matter adjusting quantities cover same, 

Now take Account “Bridges, Trestles, and Culverts”: standard, 
covering the classification written guided will prepared. 
All structures will measured, and their value estimated fixed 
data hand. the structure comes the standard, valued 
renewal prices with depreciation, though may not new 
structure. The standard fixed for this classification must have sole 
reference its condition and usefulness for the purpose, and not 
its age. honest engineer can grade such structures and ascertain 
their actual value this method better than any other way, and 
when the standard once fixed, the proper value can readily de- 
termined. Again, take Account “Ties,” Account “Rails”: 
There will ties the track, and rails, also, which are not new. 
Could they reproduced answer their present purposes any 
other means than buying new ones? not, then the standard 
should specify under this account that only new ties and new rails 
can marked 100. Materials this class should valued renewal 
prices and marked 100 the standard other respects. 

Again, take Accounts 42, inclusive, “Equipment”: Fixing 
standard, based condition, will obviate the large errors made 
valuing such property writing off depreciation based life. Does 
any one doubt the efficiency and value property, say, locomotive 
good repair, which has not been worked beyond its and 
every respect fitted its work? railroad company, 
not such machine fully valuable new engine? many cases 
more valuable. standard, therefore, fitted define what con- 
dition entitled 100, regardless age alone, will give equitable 
value, based cost reproduce this article component part 
the whole. Every other account can treated the same way. 

establishing the standard, locality district should govern; 
that say, the same standard must not applied all sections 
the country. The sections zones should first defined and 
standard established for each. 


DISCUSSION PHYSICAL VALUATION 333 


(c). Land values should standardized over each section district, Mr. 
“Right Way and Station Grounds,” Account and “Real Estate,” 
Account being separated. For real estate, values must given 
determined adjoining property; for right way and station 
grounds, standard rating for railroad lands, based values known 
exist that section the country. The market value adjoining 
lands may used assist determining this standard rating. 

following these principles, true can obtained. 
this method the values placed all roads will include additions 
and betterments which have been charged earnings and are not 
represented bonded indebtedness; hence, all physical property will 
its real worth, and these additions and betterments have 
been made wisely, they will represented actual property value; 
if, the other hand, they have been made extravagantly wastefully, 
they will not represented, and will not accounted for. the 
one case property evidence, the other, investment; and are 
all aware which can protected legally. 

for values not represented physical property, that is, promo- 
tion costs, interest charges, law expenses, which swell the 
actual cost railroad property: these, course, cannot valued 
like physical property, but, under the proposed plan referring all 
data standards, they can given consideration, follows: 

All items this nature found charged Classifications 
48, inclusive, should totaled with Classification “Engineering,” 
where these records are available. After the full physical valuation 
made for the entire system, compare the actual determined values 
with this total. After obtaining full history the system, leave 
ascertain the true total valuation. Surely engineers know there 
definite relationship between the value work produced and the 
costs noted above produce it. create infers the utilization 
the services creator. Certain legitimate charges for such services 
must, and doubt will, permitted the total valuation. re- 
produce new any one the railway systems the United States in- 
volves incorporating into the value the inanimate objects composing 
the property, the cost joining them together make the whole 
living, running organism, and such costs are legitimately represented 
under and items under “General Expenditures” the 
classification. 

American roads, during late years, large expenditures have been 
made which are great benefit the public, but earn nothing for 
the roads themselves. All such additions and improvements will tend 
swell the total value for rate-making purposes. 

After all, however, rates can hardly based values defined for 
each individual company—at least, not through rates. The only ad- 
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justment, therefore, stated Mr. blanket one for that 
section, and for that reason the writer considers his plan standard 
for each section the only practicable way settling the question 
depreciation and ascertaining how such can utilized 
rate adjustments rate-making. Through rates will always regu- 
lated between roads the territory, under private owner- 
ship, done one time competition. The powers the com- 
mission can hardly farther than fix maximum beyond which 
the roads cannot go. The road best equipped physically, due low 
gradients, etc., and best managed will get the business the lion’s 
share, present. The rate covering district section can 
regulated, and this rate should based fair return the true 
value the property. 


Corner, Am. Soc. (by writer has 
read with much interest Mr. Wilgus’ paper, together with the 
sions thereon, and notes that his conclusion seems almost that 
the pioneers this important subject. 

The matter was originated the late Governor Hogg, Texas, 
under whom the Texas Stock and Bond Law and Railroad Commission 
Act were passed, and administered the first chairman, the Hon. 
Reagan, the Nineties. will remembered that Senator 
Reagan was the Father the Interstate Commerce Commission well. 

Subsequent work this subject, throughout the United States, 
has arisen from the initiative these men, and, Engineer the 
Railway Commission Texas, from 1893 1898, the writer did 
great deal work the valuation the Texas Lines, which, 
that time, had not been contested the companies interested. Com- 
munications the writer this subject were forwarded Engineer- 
ing News,* and are included the “Bibliography Valuation 

This “Bibliography” the utmost interest and value, but the 
writer does not think the Annual Reports the Texas Railways are 
included it. Certainly the reports for the dates referred throw 
the greatest light the beginnings the movement, the credit 
which belongs largely Governor Hogg and the late Judge Reagan. 
After the Texas policy was inaugurated, the latter was direct com- 


with several other Southern States, which, thereafter, 


adopted similar policies and views. 

The writer thinks that this matter which should put 
record, because, the time, their action excited the greatest discussion 
and opposition. Their general views have been amply justified; the 
position which they took that time was that far-seeing statesmen. 


March 7th, 1895, and April 1896. 
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has deep sense those who have kindly participated 
the his paper, many his own ideas have been 
clarified the additional light that thereby has been cast the 
subject. Mr. Crehore has generously credited him with absence 
desire “to complicate valuation work, and seek out every possible 
pretext for making the assets, both tangible and 
big and this the writer feels that 
tiously reply that, preparing this paper, has had absolutely 
other purpose mind than attempt place his own views where 
they may freely criticized his fellow members and others, all 
the interest straight thinking. 

Unlike Mr. the writer does not believe that the bona fide 
stockholder class “gets something for nothing,” the 
stockholder “incumbrance.” The fact that small group 
financiers may have abused the confidence and trust innumerable 
innocent, too confiding, investors small means, seems fair- 
ness reason why experienced engineers should not attempt 
formulate principles for guiding valuation property capitalized 
some 000 000, for purposes that the end may crystallize 
into move for Government ownership. 

Surely, Mr. Crehore would not ask that the subject shall ap- 
proached other than dispassionately the hope that correct prin- 
ciples valuation may adduced, and that the facts any im- 
proper past. return the investor through interest and dividends and 
reinvested income, shall then studied and fair decision reached 
the case each road. Broad generalizations inordinate profits 
large proportion the public that good faith has invested amounts, 
great and small, enterprises from which the entire has reaped 
the enormous benefits referred Mr. Churchill and Mr. Green. 

There are, doubt, cases like those referred Mr. Hand where 
the public, through the rates, has paid excessive return; but each 
instance detailed analysis ascertain whether not the 
annual distribution cash dividends and interest, plus the surplus 
reinvested the property, really constitutes inordinate reward 
the investor. Many roads have been built putting back into the 
property moderate earnings that otherwise, with propriety, might have 
been distributed cash the stockholders, praiseworthy proceeding 
that merits warm approval rather than condemnation. 

this connection will well bear mind that approval 
the theory that reinvested surplus and increases land values are 
viewed additional income the stockholder, necessarily carries 
with the proposition that such additional income entitled 
return. This admitted, the accrued and other increases 
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value sinking fund, made equal annual pay- 
ments compounded rate interest which the service 
entitled, for the full period accumulation. For instance, increase 
increments mentioned, equivalent $187 572 annually, compounded 
per cent. This annual sum, added the average annual dividends 
and interest actually disbursed given time, will produce the 
figure that should taken the total past annual return the 
owners the property both cash and “kind”. The point that the 
increment, interpreted income analysis past results, 
entitled return, has been missed many. similar error 
has been made those who would count the increment addi- 
tional return the owner, and the same time brand depre- 
ciation reserve. 

Several, notably Mr. Eaton, have expressed regret that the broader 
social problems the day have not been touched the paper. 
The writer has felt that the subject the valuation railroads should 
treated concretely, with definite end sight—the logical method 
arriving physical that the manner which the 
result should used separate matter for independent discussion. 
The treatment the so-called unearned increment, including dona- 
tions from the community and reinvested surplus out questionably 
excessive earnings earlier years, question which few 
yet agree, and until the views the majority are expressed through 
legislation that will affect all kinds property alike, does not 
seem equitable that one class investment should now selected 
for retro-active action. The correct course would appear lie 
making appraisal that will stand the acid test analysis, and 
then from study the past condition each property make such 
disposition the unearned increment will consonance with 
similar attitude toward other classes property. 

Mr. Gillette speaks the supplanting the competitive theory 
railroad ownership with the agency theory, under which the public 
utility continues financed the owner, but indirectly man- 
aged the Government through public regulation. The writer be- 
lieves that this dual and contradictory relationship can but tem- 
porary, the next logical step being nationalization. The enforcement, 
the Interstate Commerce Commission and similar bodies, expendi- 
tures for improvements railroads will make obligatory the raising 
new money the owners through the sale bonds other form 
prior obligations, and this time will materially reduce wipe 
out the stockholder’s equity. this final step Government owner- 
ship inevitable, would seem better for the stockholder encourage 
the transfer while still has something sell, that is, before his 
equity has been legally confiscated. 


DISCUSSION PHYSICAL VALUATION RAILROADS 337 


Eaton and Hand, that there should but one measure value. The 
laws some States fix values for taxation purposes 
and the results physical valuations that basis, the instance 
New Jersey, have been presented technical journals their 
readers, without cautioning them that the figures represent scrap and 
not reproductive values. The difference between the two may made 
clear citing the illustration the office chair that worth the 
full cost reproduction part going concern, whereas, thrown 
the market, auction, would bring mere fraction its cost. 

The contributors the discussion means agree the prin- 
ciple that should adopted determining physical value. Messrs. 
Churchill, Gandolfo, Gillette, and Hand, see the practicability ascer- 
taining the original costs from the books the amount cash actually 
invested, while Messrs. Coombs, Harte, Humphreys, Ingersoll, Lavis, 
Thomson, and Whinery join with the writer considering 
this course generally impracticable. intimate acquaintance 
with the records many corporations, large and small, has dem- 
onstrated the writer that the obtaining correct, full, original- 
costs-to-date generally impossible that the use that method 
would work wide injustice. doubt there are some instances where 
book costs have been carefully kept accurately reflect every 
item expense chargeable capital account, including organization, 
legal and administration expenses, interest during construction, and 
freight construction materials, well all additions and better- 
ments, with their proper burden overhead charges; but the excep- 
tions are numerous that the use substitute method would 
imperative, with the result that all roads would not treated alike. 

objection that has been raised the alternative for original- 
cost-to-date, namely cost-of-reproduction, the inclusion therein 
the increment land values. Many contend that railroads, being 
publie utilities, should not profit the increment which freely 
conceded private individuals and corporations another char- 
acter. The justice this contention not apparent, there are 
laws force for the guidance investors public utilities, 
which differentiate this point between the two classes owner- 
ship, nor such contention upheld the tax authorities, force- 
fully pointed out Mr. Aldrich. Arguments this phase the 
topic are well expressed Mr. Green. 

That any other than the reproductive theory will produce incon- 
sistent results will seen the following case, which illustrative 
situation that very common. 

three railroads running near each other through the same ter- 
ritory, Line was built years ago and has partial records 
original-cost-to-date, Line was constructed recently, and has com- 
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plete and accurate records cost, and Line built years ago, 
has records cost whatever. the original-cost-to-date prin- 
ciple adopted, the recently-built Line having full records, will 
treated equitably; but Line will suffer through incompleteness 
data and loss the increment value that contained the 
estimate for Line and for Line possessing records, the esti- 
mate cannot determined the adopted principle, and, therefore, 
must arrived some other method which will inconsistent 
with that used the rival lines. the other hand, the repro- 
ductive principle adopted, all roads will treated exactly alike, 
and the older lines will not placed disadvantage compari- 
son with the last built road. 

Many endorse the reproductive method theory, but practice 
propose modifications that destroy the principle. The estimating 
the cost land the same price neighboring property, sometimes 
termed the basic normal price, ignores the facts set forth Messrs. 
Aldrich, and Whinery, that land for railroad purposes 
actually costs excess such price, and that the exclusion part 
all the overhead costs leaves out the estimate elements which 
are essential the creation railroad scaffolding the 
building structures. The omission these items cost not 
accord with either the original-cost-to-date theory 
duction method. Estimating this manner has not the merit. 
following clearly any theory that will stand analysis, and contrary 
the experience those who are familiar with the keeping 
book costs the actual building railroads. 

has been said that reproductive estimates provide for “what 
will cost buy again land that will never bought again, du- 
plicate property that will never have duplicated, and build 
business that will never again have developed.” not 
this the course that necessarily has followed arriving the 
value any going concern, the earning power which may not 
used the measure its value? The appraiser the physical 
value factory would base his estimates duplication the 
plant, including the present-day reproductive value its lands, struc- 
tures, and cost delevopment. What would necessary simple 
instance this kind just necessary the case railroad. 

Referring particularly the matter lands, and using the pre- 
viously quoted illustration, Line will found have paid for 
right years ago, say, $600 per acre, and the modern Line 
will have paid for land precisely the same character, say, 
per acre, three times the basic value neighboring property which 
large blocks sells average $500 per acre. The original- 
cost-to-date principle will give Line $600 for exactly the same 
kind property which, the case Line will valued 
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$1500; and Line having records, will have its land valued 


some differing method. The basic method will give Line $500 
for that which cost $600 years ago, Line will credited with 
$500 for that which cost $1500, and, again, will Line require 
some alien The reproductive method would give all three 
roads the same price for the same character land, would work 
injustice confiscation, and would give the two older lines the 
same values that are embodied the cost the new rival. 

the Minnesota Rate Case, the United States Supreme Court 
ruled favor the basic-price method, but the comments the 
Court the testimony the chief witness land hope 
that.a new presentation the subject will lead future modifica- 
tion this regard, well stated Mr. Harte, the railroads 
the case mentioned failed bring out “the fact that ‘the fair average 
market value similar land the vicinity’ the value land 
right-of-way shape, and not that land normal parcels.” 

Many instances may cited where railroads recent years, 
under Court decrees condemnation cases well private 
purchase, have paid several times the amounts that would result 
from the use the basic neighboring-value method; and 
evident that the use the method prescribed the Minnesota Rate 
Case would work confiscation many roads and entirely discourage 
the creation new 

Mr. Crehore’s proposal that all owners property shall fix the 
value their, holdings basis for taxation and sale attrac- 
tive side, but the benefits which anticipates the acquiring 
lands for public utilities minimum prices, would hardly materialize, 
view the question and other damages that would 
still remain for settlement. That the property owner voluntarily should 
place higher valuation the part his holdings through which 
might imagine railroad would likely pass, crediting him 
with degree prophetic vision and engineering skill that un- 
possessed the average man; and the payment excess taxes such 
product his imagination would him costly venture from 
which the chance repayment would be, say the least, exceedingly 
remote. 

The question how handle depreciation has developed two 
widely divergent views. Messrs. Eaton, Gillette, Humphreys, Inger- 
soll, Lavis, Molitor, Taylor, and Waitt, and, limited degree, 
Messrs. Green, Harte, and Whinery, believe with the writer that de- 
duction therefor should made from the cost reproduction new, and 
Messrs. Brinkley, Coombs, Crehore, Gandolfo, Nicolaysen, and Wil- 
loughby think otherwise. 

due failure each side grasp the reasons.that are guiding 
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the other; and somewhat extended dissertation the subject may 
pardonable, illuminated the ideas brought out the 
discussion. 

Depreciation railroad property, generally understood, con- 
sists physical retrogression, due usage and decay, and les- 
sened effectiveness through obsolescence and inadequacy. 

This physical retrogression calls for two classes expenditures, 
namely: (1) maintenance applied those items which need 
constant attention the ordinary upkeep road and equipment; 
and (2) deferred maintenance features that cannot econornically 
restored, renewed, replaced until they reach maturity. 

Sound practice, enforced the rules National and State regu- 
latory commissions, requires that expenditures for both current and 
deferred maintenance utilities shall charged oper- 
ating expenses, and not capital. Stated differently, depreciation 
declared item expense defrayed from the rate, 
and not wastage capital paid for through the issue securi- 
ties. 

well-run corporation will maintain its property that current 
repairs and renewals will not allowed fall behind, and will 
also regulate its distribution dividends stockholders that the 
combined depreciation reserves and profit and loss surplus will 
not less than the accruals deferred maintenance. this connec- 
tion should added that the profit and loss surplus railroad 
company just much reserve fund for offsetting depreciation 
labeled. 

failure thus provide for these two classes depreciation 
usually the result over-payment dividends, and eventually brings 
its own punishment through the necessity reduction sus- 
pension dividends during the period rehabilitation. This course 
obligatory, charges for rehabilitation legally can only made 
through income. 

will thus seen that stockholders who unwisely improperly 
overpay themselves dividends, are simply creating liability that 
must repaid through lessened later return their investment. 
They are not, Mr. Crehore states, the position “eating their 
and having too,” for the reason that they must restore the 
“cake” from their own resources; they are prohibited from doing 
through 

this line reasoning correct, the investor entitled 
rate sufficiently large to: (a), defray operating expenses, including 
current maintenance and taxes; (b), provide allowance for de- 
ferred maintenance; and (c), yield fair return the investment 
unimpaired depreciation; with the understanding, however, that 
the allowance for deferred maintenance not properly conserved, its 
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restoration shall effected from the investors’ return which otherwise 
would available for dividends. other words, and are 
preferred obligations. 
All this. brings back the proposition that, under the law, 
physical depreciation both classes, current and deferred, stock- 
holder’s liability and not wastage capital, and, consequently, 
should not deducted from the investment determining ques- 

The railroad very complex organism, and the question 
depreciation correspondingly involved. more simple illustration 
may assist clarifying the subject. 

The owner ferry-boat admittedly entitled rate that 
will produce earnings sufficient pay operating expenses, including 
all repairs, renewals, and taxes, and, say, the investment. 
gouging out and restoring each spot rot wear appears, 
and replacing each nail moment that commences 
chafe rust, the boat may maintained practically new for 
indefinite period; and that event question would raised 
the owner’s title the full return the unimpaired 
investment, there would depreciation. But this method 
repairing, being very costly and, therefore, adverse public interest, 
better practice confine current repairs and minor 
renewals those parts which may repaired economically from 
day day, and pay regular intervals into deferred mainte- 
nance sinking fund amount which, with accumulations com- 
pound interest, will produce sum the end given period with 
which restore the old boat purchase new one. Can 
fairly said that the latter case the return the investment must 
constantly fall from the full amount when the boat new, 
zero the date restoration replacement; whereas, the 
former case, much less the public interest, the full rate should 
without abatement? so, would seem far better for 
the investor abstain the common carrier field, and loan his 
funds manner that will guarantee the same rate return 
without confiscation principal. 

admitted many that the arguments for the non-deduction 
depreciation are well taken cases where ample reserve has 
been accumulated outside investments, the ferry-boat example, 
and cases where the property has not been enriched through im- 
provements paid from income; but the claim made that 
instances physical valuation where such outside reserve 
other assets exist, and funds for off-setting depreciation have been 
reinvested improvement the property the shape addi- 
tions and betterments, there clear inequity permitting return 
the owner the portion the property reinvested. The 
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answers are: First, that the impracticability drawing sharply 
between improvements paid for through and others paid for 
from income, makes imperative the adoption some rule that will 
apply uniformly all; second, that the methods estab- 
lished the Interstate Commerce Commission practice 
which would become necessary charging repairs and renewals 
originally appraised their depreciated condition 
later were raised their restored value; third, that the treatment 
past additions and betterments the equivalent 
income the owner removes those items from the de- 
preciation reserves; and fourth, that the owner rests the continu- 
ing duty replacing depreciation out the allowed rate, making 
good from his own share thereof any deficiencies due over-pay- 
ment dividends other diversions the part the rate in- 
tended for current and deferred maintenance. 

Many are the instances which may quoted reduction 
suspension dividends from. the latter cause. thus sit- 
uated could not increase their rates means rehabilitating 
their properties, and have been forced forego full even partial 
return the investment until the necessary repairs and renewals 
had been effected out what otherwise would have been distributable 
the stockholders. Certainly, neither sound financing nor the. ac- 
counting rules the Interstate Commerce Commission, would 
tion the capitalizing expenditures for rehabilitation; nor would 
the laws competition the rules regulatory commissions permit 
raise rates accomplish the same purpose. 

Not only from the standpoint does appear that ques- 
tions rate regulation, depreciation should not deducted from 
the principal, but also, practical matter, this course seems 
the only one adopt. Current maintenance fluctuates during the 
year that what may fair estimate one month unfair 
another month. For instance, the fall the depreciation ties 
the railroads the United States some less 
than few earlier the year prior the commencement 
annual renewals. Costly structures, estimated depreciated 
value, later will found have been rebuilt replaced, with 
corresponding large increase value. add these growths value, 
sum, effect would amount capitalization items which, under 
the law, had been charged expenses—a course that speaks for 
lished the Interstate Commission. Then, 
annual revision depreciation, ‘unlike additions 
cannot recorded through book entries, but 
effected through recurrent field inspection the multitude items 
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that enter into the construction truly monumental 
task. There the further point raised Mr. Molitor, that what 
deemed depreciated condition for high-class traffic may 
good new for less exacting service. Moreover, the adop- 
tion depreciated values, with their shortened lives, would call for 
the inclusion the rate higher percentages depreciation than 
would necessary were the same objects estimated their cost 
new, and this would practically nullify the saving the 
using depreciated values basis for fixing the investor’s return. 

The recent disastrous flood damage the Middle West good 
illustration the matter issue. Railroad property was depreciated 
the extent many millions dollars, all which had 
restored out earnings and profit and loss surplus, without in- 
crease capital which rate-payers would expected defray 
the interest. Surely, would not equitable impose further 
burden the stockholders lessened return the depreciated 
investment the very time when they are compelled forego 
part their savings profit meeting their liability restore 
their property full working condition. would amount 
double burden the stockholders through wastage capital 
and reduction earnings surplus. 

Several the contributors the discussion consider that de- 
duction should made for the class depreciation that repaired 
through current maintenance, but that deduction should made 
deferred maintenance, the instance the coal pocket 
cited the writer, where sinking fund has been provided. For 
the reasons above given, the replacement structure like the coal 
pocket liability the company, paid for out earnings 
otherwise applicable dividends out profit and loss surplus; 
and the avoidance the bookkeeping detail separately labeling 
fund for each structure should not the principles underlying 
the subject. 

May not said, therefore, that questions affecting rates; 
the desirability avoiding constant fluctuations rates, compliance 
with the accounting rules regulatory commis- 
sions, the avoidance confusion needless complications, and 
sound logic, all point the correctne the claim that the value 
railroad property should unimpaired depreciation; 
and that the stockholder rests the obligation restoring deprecia- 
tion, either from profit and loss surplus “reserves”, through 
lessening the return his investment during the period re- 
habilitation. 

true that the United States Supreme Court, the recently 
decided Minnesota Rate did not take this view, but may 
not conclude that this was the result inadequate presentation 
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the principles underlying this important question, rather than 
final endorsement the Court the general proposition that, 
matters affecting return capital, depreciation should deducted 
from the investment. 

The claim has been made that the appreciated value right 
way and real estate allowed, deduction for physical depre- 
ciation entirely proper. This does not seem logical con- 
tention, for the reason that the appreciation land values, being 
additional return the investor, plainly should credited capital 
account; while depreciation physical nature caused tem- 
porary retrogression, and charge expenses and not capital 
account. 

the very important item overhead charges there appears 
little difference opinion among those the paper. 

Beyond question, brought out Mr. Gillette, the percentage 
for contingencies should comparatively small reliable data 
quantities and up-to-date costs are obtainable from the records; 
but where estimates are necessarily made without the benefit such 
precise knowledge, and the adopted unit prices are not inflated, 
sufficiently liberal allowance for contingencies should made, pre- 
cisely would done the experienced engineer preparing 
preliminary estimates for any project. has always seemed the 
writer that the item contingencies should provided for through 
percentage that will open inspection and discussion, rather 
than through arbitrary increase unit prices where would 
more less concealed. 

Mr. Gandolfo considers that provision should made for the 
educational stage during which construction gradually draws 
close, and traffic built from nothing the full volume 
which the income that may question earned. With ob- 
ject simple automobile, the dealer devotes his time gratis 
educate customer and the repair and replacement any defec- 
tive imperfect parts, before the transaction closed; and the cost 
labor and materials for thus breaking the car and educating 
the user contained the price. So, too, with railroad, must cer- 
tain expenses provided for the estimated cost reproduction, 
for breaking the plant, and educating the forces which are 
supervise the moving the existing volume traffic. railroad’s 
operating organism does not spring, Minerva-like, into being, fully 
equipped and trained for complicated service; must pass gradu- 
ally from the period active construction the culmination 
growth the going concern; and, Mr. Lavis points out, 
suitable allowance for interest charges that this going value may 
measured. 
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the organization the valuation corps largely rests the success 
failure the outcome physical valuation. Beyond question, 
the qualities mentioned Mr. Gillette are desirable, and, most 
instances, essential; but the one feature which omits, experience, 
would seem the prime need, the results are stand. This 
particularly mentioned Mr. Waitt and Mr. Norcross. The chiefs 
field parties certainly should qualities that 
Brinkley would not credit them, capacity and experience for observ- 
ing and recording the condition the property. 

stated Mr. Molitor, low-grade line through populous coun- 
try has distinct advantage over competitive high-grade line 
through sparsely settled region; but with net earnings, which 
the rate issue factor, eliminated measure such advantage, 
the selection some other yardstick intangible values problem 
which light has yet been shed. The writer has purposely ab- 
stained from suggesting measure for such intangible values traffic 
productivity and operating effectiveness, because has been unable 
yet define his own mind just how they may estimated, 
other than for comparative purposes under known local conditions. 
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DERIVATION RUN-OFF FROM RAINFALL DATA. 


Justin. 


the study drainage basin which utilized for water 
supply water power, frequently happens that there dearth 
utter lack run-off data, though more less precipitation data are 
almost always available. 

was with the desire finding out were not possible 
develop some rational method deriving run-off from rainfall data 
various water-sheds, that the present study was undertaken. 

The quantity rainfall appearing run-off any water-shed 
governed many conditions, chief among which are character 
vegetation, extent forest covering, prevailing winds, relative 
humidity atmosphere, barometric pressure, percentage water 
surface, geology basin, slope, and mean annual temperature. 

Before investigating the manner which the relations between 
rainfall and run-off differ various water-sheds, the writer will ex- 
amine into the manner which they vary from year year any 
one water-shed. 

The late George Rafter, Am. Soc. E., showed his paper, 
“The Relation Rainfall that the relation rainfall 


Geological Survey, Water Supply Paper No. 80. 
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run-off water-shed could often expressed exponential 
equation. For the Upper Hudson gives the two equations, 
and 34.3 being the annual precipitation and 
the annual run-off, inches, the water-shed. does not, however, 
suggest constant value for the exponent for other 


After plotting many rainfall and run-off data, the writer became 
that the relations between rainfall and run-off almost 
every water-shed could expressed logarithmic equation, the 


abstract number, constant for any one water-shed, and 
exponent constant for the water-shed. 

solving the equations was found that always came out nearly 
equal hence was chosen constant for all water-sheds and 
always equal 

The writer then plotted, cross-section paper, using 
annual run-off inches ordinates and annual rainfall inches 
abscissas, considerable portion the available reliable data. 
found that all these water-sheds the relation may well expressed 
the formula: 

which the annual run-off, inches; the annual rainfall, 
inches; constant which different for each water-shed, 
and has value depending those conditions which make the rela- 
tions between rainfall and run-off one water-shed different from 
those another. 

Most hydrologists America choose December 1st the beginning 
and ending the water year; others use October 1st, and England 
September 1st the date selected, the object, course, being 
choose time when the conditions will more likely 
the same from year year. 

the accompanying diagrams, both October 1st and December 
Ist, have been used, the date for beginning and closing the water year 
being stated each case. 

Accuracy Data.—The existing data does not justify 
precision. some the territories for which diagrams are pre- 
sented (Figs. 19) there one rainfall station per 1000 sq. miles 
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in. not worthy discussion. most cases one can safely assume 
probable error 10% the observed rainfall for any one year for 
most water-sheds. error any individual record certain 
station undoubtedly less than this most cases, but when several 
rainfall stations are combined give the rainfall for entire water- 
shed, the probable error increased. general, the larger the number 
rainfall stations water-shed the less the probable error. 
Run-off records are usually more 

accurate; but, few years ago, RELATION RAINFALL RUN-OFF 

and the error was generally positive. 

present many the records 
the Water Resources Branch the 
United States Geological Survey and 
many municipal water supplies, 
are all that could desired; the 
probable error not exceeding per 
cent. Perhaps one the most accu- 
rate records, for purposes com- 


£ 
= 
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parison between rainfall and run-off, 
that on. the Esopus water-shed 

(area 239 sq. milés) the Catskill 

water supply system New York 

City. this water-shed there have 

been maintained from well- 

stations. ~The 

measurement run-off has been made Inches 

concrete weir, especially built for 19. 

the purpose, with cross-section corresponding one the models 
used extensive experiments the Cornell University Hydraulic 
Laboratory, described Water Supply Paper No. 200, the 
Geological Survey. 

The relation between rainfall and run-off this water-shed 
shown will noted that all the points fall almost 

When rainfall and run-off data are plotted diagrams, such 
those presented, the probable error using the resulting curves 
mass-curve storage studies much reduced. 


| 
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Effect Proportion Water writer believes that 
many hydrologists have exaggerated the importance the effect 
water surfaces water-shed decreasing the quantity run-off. 
Aside from regulating the distribution the run-off throughout the 
year, the effect any ordinary proportion water surface small 
negligible. 

This well shown Mr. Rafter.* discussing the percentage 
water surface the Croton water-shed (3.56%) says: 

may first thought imagined that these large water sur- 
faces exposed evaporation have considerably increased the ground 
evaporation over the entire catchment. When, however, one con- 
siders that only the difference between what water-surface 
evaporation and what ground-surface evaporation would be, the dif- 
ference seen not very much. For instance, assuming the water- 
surface evaporation inches per year and the ground-surface 
evaporation year, the difference becomes inches. 
With square miles water surface 1900, giving 3.56 per cent. 
the whole, the excess water-surface evaporation over ground-surface 
evaporation 0.82 inch, quantity which far within the 
limit possible error other directions negligible.” 

Grouping Data Water Years.—In the comparison rainfall 
and run-off grouped water years, beginning October 1st, December 
1st, some other date, frequently observed that, any water- 
shed, certain years, having the same recorded rainfall, have recorded 
run-off differing from in. 

the diagrams, although most the points fall near the 
curves represented the equation, there are some which 
are some distance from the curves. Noting this condition, many 
claim proof that there definite relation between rainfall 
and run-off. reality, the apparent discrepancy due merely 
variation from year year ground-water conditions the date 
arbitrarily assumed for beginning the water year. The fact that 
point does not fall the curve does not necessarily show that the 
observations are fault, but most cases does indicate that the 
date beginning the water year assumed for the water-shed not 
the true one for that particular year. 

error consider the water year hard and fast divi- 
sion time. Many the points, which the diagrams plot some 
distance from that curve, would fall directly very near it, had 


* “The Relation of Rainfall to Run-off.” 


~ 


356 DERIVATION RUN-OFF FROM RAINFALL DATA 


the first the preceding succeeding month been used for begin- 
ning the water year. 

The true water year does not begin end any particular 
date, but should regulated that ground-water conditions are nearly 
constant the dates selected for the beginning such years. is, 
believed that, this could done, all points for which the data are 
accurate would fall near the curve represented the equation, 

Owing, however, the utter lack data ground-water 
levels, impracticable adopt this method division. Especially 
the study large storage propositions, the apparent discrepancies 
will balance each other, and will not affect the conclusions. 

Manner Which the Relations Between Rainfall and Run-off 
Vary from One Water-shed Another.—It has frequently been ob- 
served that, other things being equal, steep water-shed will have 
greater run-off for the same rainfall than flat one. The water, staying 
the water-shed shorter length time, has less chance evaporate. 
Mr. Vermeule has shown successfully the great influence which the 
mean annual temperature water-shed has the relation rain- 
fall 

These two elements, slope and mean annual temperature, the writer 
believes, are, general, the chief factors determining the manner 
which the relation between rainfall and run-off vary from one water- 
shed another. Hence will use them determining the value 

The slope water-shed may defined the difference eleva- 
tion between the highest and lowest points divided the square root 
the area. 

The proper value for the mean annual temperature water- 
shed can generally determined study the data published 
the United States Weather Bureau the “Summary Climatological 
Data for the United States, Sections.” using these data, 
sometimes happens, especially mountainous water-sheds, that all 
the observations are stations the valleys. such water-shed 
the mean annual temperature frequently varies directly with the eleva- 
tion. such case, practical method determining the mean 
annual temperature would follows: 

(1) Take the average temperature the stations; 
(2) The average elevation for the same stations; 


i 
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(3) The average elevation the water-shed the elevation the 
highest point plus the elevation the lowest, divided 

(4) Take the difference between the average elevation the sta- 
tions and the average elevation the water-shed; 

(5) Multiply this the mean difference temperature per foot 
increase elevation; 

(6) Finally, subtracting this from the average temperature the 
stations will give the mean annual temperature the water- 
shed. 


C= temperature. water-shed. 
Lake Cochituate..... 0.0092 48.5 0.0116 0.446 
0.0109 46.0 0.0119 0.501 
0.0118 41.9 0.0149 0.494 
0 0130 47.0 0.0664 0.611 
0.01292 44.5 0.0468 0.575 
odes 0.0115 48.4 0.00977 0.555 
Neshaminy........... 0.0099 50.6 0.0101 0.500 
Perkiomen............+ 0.0105 48.6 0.0148 0.511 
TORIGROM..6.0c0ssccovis 0.0115 49.6 0.0166 0.571 
0.0116 45.0 0.0278 0.522 
0.0117 42.0 0.0117 0.490 


N - 
eshaminy 


RELATION BETWEEN K, T, Ano S. 

S=Slope of Water-shed. 

T= Mean Annual Temperature. 

KT=KxT 


Fig. 20, the mean annual the slope the 
water-shed, determined previously described, and the constant 


| | 

0.02 0.08 
Slope = S$ 
Fie. 
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was found that for several water-sheds having about, the same 
value varied very nearly the first power Fig. 
ordinates and the values abscissas. 
Table gives the values and KT, for various water-sheds, 
Picking values off the logarithmic curve Fig. 20, and solving the 
equation, 


being the unknown coefficient and the unknown exponent, have, 
for the equation the curve, 0.934 


whence T 


which the general formula for the relation run-off rainfall. 


Annual run-off, inches, the water-shed; 

Annual rainfall, inches, the water-shed; 

Slope the water-shed, equals the elevation the highest 
point minus the elevation the lowest point divided the 
square root the area; 

Mean annual temperature the water-shed, degrees, 
Fahrenheit. 

For convenience using the formula, Table giving values 
was computed. using this table, formula easily solved. 
Thus, for the Rondout water-shed, 47, mean 46.6, and 
0.0664. From Table for 0.0664, have 0.658. Hence 
the expression for the mean annual run-off the Rondout becomes 

this case the computed mean annual run-off just equal the 


actual. 


The character the various water-sheds considered the deriva- 
tion the formula varies widely. reference Table seen 
that the slope and the mean annual temperature vary between wide 
limits. The slope the Genesee 0.0054, and that the Rondout 
0.0664. The mean annual temperature the Hudson 41.9 and that 
the Neshaminy 50.6 degrees. area, the variation from sq. 
miles for the Lake Cochituate water-shed 234 sq. miles for, the 
Connecticut Hartford. the matter forestation, the variation 
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also large, from the water-shed the Genesee, with its gently rolling 


farm lands and few woods, the heavily forested head-waters the 
Rondout and Upper Hudson. The effect forests the quantity 
rainfall and run-off believed slight, but, the distribution 
run-off throughout the year, very marked. Other things being 
equal, water-shed which has been denuded its forests will have 
much lower minimum discharge summer and will subject more 
violent floods times high water. 

Table comparison, for various water-sheds, the run-off 
computed the formula and the recorded observed run-off. 

will noticed that the closest agreement between the computed 
and the observed run-off for the water-sheds where the data are 
the most reliable, for instance, the Hudson, Genesee, Esopus, and 
Croton. Furthermore, where there any material variation, the com- 
puted quantities are generally less than the observed. Accordingly, 
the use the formula for estimates flow will likely give 
quantities which are less than the actual, rather than those that are 
more; that is, the error the side safety. 

The formula also applicable for the computation run-off for 
individual years. For illustration, take two water-sheds, the Hudson 


becomes 0.934 


Genesee ....... 


and the Esopus. the case the Hudson, 0.0149 and 


and the formula becomes, 0.934 


TABLE —COMPARISON BETWEEN OBSERVED RUN-OFF AND RUN-OFF 


Water-shed. 
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the case the Esopus, 0.0468 and 44.5, and the formula 


2 


2 


Mean annual | Mean annual | Mean annual 


computed, in 


For YEARS, FoR THE 


Year ending 
December Ist. 


50. 
48. 
42. 
45. 


Rainfall 
observed, 
in inches. 


computed Difference, 


860 

41.9 
run-off run-off Difference, 
observed,in | observed. in | in inches. 
inches. | inches. inches. 
Connecticut. 43.5 | 
Lake Cochituate............. 47.3 | 
48.7 
40.4 
42.4 | 
44.5 
Run-off Run-off | 
inches. 
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TABLE 5.—Comparison Between OBSERVED AND CoMPUTED 
FoR. VARIOUS YEARS, FOR THE Esopus, 


Run-off 
Rainfall 
cto ‘ in inches. in inches, inches. 7 


These two illustrations serve show the degree accuracy that 
may expected the use the formula when the rainfall and tem- 
perature data are fairly accurate. 

The Supplying Missing sometimes happens that 
only years good run-off records have been kept water- 
shed, and that rainfall records are available for number years. 
such case, the record may extended the following manner. 

Plot logarithmic cross-section paper points for the years 
known run-off, using rainfall abscissas and run-off ordinates. 
Compute the run-off for several other years, using the formula, 


0.934 


Plot the corresponding points.. Then draw straight 


line parallel the line, among these points, giving greater 
weight the observed data. This line will represented the equa- 
tion, Having this curve, the run-off for any year may 
read off, using the rainfall argument. 

Application the are frequently called 
construct considerable capacity water-sheds where 
accurate run-off data are lacking. For the determination the neces- 
sary capacity proposed reservoir, the mass-curve the accepted 
method. Having given water-shed without run-off data, but with 
rainfall records available, satisfactory mass-curve may constructed 

are generally. easy determination for any particular water-shed. 

using this formula for the construction mass-curve, 
applied the rainfall for each month consecutively, and the resulting 
monthly run-off used constructing the mass-curve the usual 
manner. course, using the formula this way, the resulting com- 


41.8 22.4 22.2 0.2 

58.0 42.5 43.8 1.8 

1910. 49.6 81.8 82.0 0.2 

IG11....ecoee 87.0 19.3 17.8 1.5 
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puted run-off for individual months will often very different from 
the actual; but, the study large water-power water-supply 
projects, where water must stored for several months, this will not 
affect the conclusions the necessary size the reservoir for 
given draft. 

The most expeditious method applying the formula for this pur- 
pose follows: 

Compute several values for given monthly values Plot 
these computed values with the corresponding values 
cross-section paper. The points will lie straight line. 
This logarithmic curve may then used for picking off values 
for given values 

are shown two mass-curves for the Croton water 
shed. The upper curve was. obtained. recorded run-off 
data, and the points the lower curve were computed the formula, 


2 
0,934 will noticed that the cumulative totals 


the observed run-off for years differ from the computed about 
the computed being less than the observed. the water- 
shed 1.65 in. per month, 320000000 gal. per day, was assumed 
and applied the curves. The greatest depletion shown the curve 
observed run-off was 14.2 in., and the mass-curve computed run-off 
showed depletion in., difference per cent. This dif- 
ference, however, the safe side. build reservoirs 
with capacity from 30% excess the depletion shown 
the mass-curve. Had there been run-off data existence 
the Croton water-shed, reservoir sufficient capacity could have 
been decided from study the computed mass-curve. 

similar manner, two mass-curves were plotted for the Nashua 
water-shed, one from the observed run-off data and the other from 
computed run-off data obtained using the formula. 
1.852 in. per month, gal. per day, was assumed. The 
greatest depletion the curve observed run-off was in., and 
the curve computed run-off, in., error which again the 
safe side. 

The mass-curves observed run-off and computed run-off were 
plotted for the Esopus water-shed. draft 1.825 in., 250 000 000 
gal. per day, was assumed. For the curve observed run-off, the 
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Upper curve from actual records. Lower curve computed from 
rainfall, using the formula, which 
S=slope, T=mean temperature, 
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greatest depletion was 8.2 in., and, for the curve computed run-off, 
the greatest depletion was 7.5 in. The difference, 0.7 in., though not 
safe side, small that could not affect materially the 
size the reservoir decided on. 

Conclusions.—The writer not the opinion that the gauging 
streams and the accumulation run-off data should aban- 
doned, and the method herein described established their place. 
run-off data are scarce, and engineers need far more. These 
methods and formulas are applicable water-sheds where run-off data 
ate meager lacking, and believed that they will give more 
reliable results than those now generally use. 


formula, 0.934 is, the writer believes, applicable 


the Eastern United States, and, general, should give results within 
10% the true run-off. applying the formula other water- 
sheds, the writer would advise caution. Although the formula 
believed general, possible that, more data were hand 
the relation run-off rainfall, the value the constant (here 
and the exponent (0.155) might vary somewhat other 
sections the country, where there marked difference climatic 
conditions. 

course, this formula applied the rainfall for some par- 
ticular month will not give the true run-off. has been shown, 
however, that may used for obtaining monthly run-off, and that 
the mass-curve when plotted gives depletions which not differ 
materially from those when the observed monthly run-off 
used constructing it. 

first sight, the application the formula may appear 
complicated, but, using Table which gives the values 
simple; and logarithmic plotting utilized, suggested, 
becomes merely matter reading off the curve. 
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sented the author very ingenious and seems fit the cases con- 
sidered with surprising closeness. Where the basin for water supply 
and power purposes, however, the writer would particularly caution the 
young engineer against making any practical use the long average 
run-off, which that furnished the formula. 

The water supply storage reservoirs and near San 
Cal., have been constant use for years, hence the practical results 
obtained are very interesting. The long average rainfall in., 
and the long average run-off in., per cent. The important 
fact remains, however, that intervals years there are 
years succession which the rainfall only in., and 
distributed uniformly that the thirsty ground takes all, and, 
result, there absolutely run-off for 600 days more. The reser- 
voirs, therefore, have large enough hold years’ supply with- 
out any possible hope replenishment. 

The same important feature noticed the Sudbury water-shed,* 
where the record for years shows long average yield 1000000 
gal. per day mile water-shed; but, during the three successive 
years, 1909, 1910, and 1911, the average yield was only 550000 gal. 
per day per sq. mile. This practically the limit usefulness for this 
water-shed. The record shows that 1888 the average yield was 
1700000 gal. per day per sq. mile water-shed, but this only 
happens once about years, this isolated fact has practical value 
for water-supply purposes. 


paper interesting addition important subject, but the writer 
would like call attention the danger attempting apply any 
formula complicated matter the relation rainfall 
run-off. The writer also wishes present hitherto unpublished 
run-off curve (Fig. 21), which may interest. This curve shows 
the relation run-off rainfall for the principal water-sheds 
Kansas. The run-off figures were taken from the stream guagings 
the Geological Survey, and the rainfall from the reports 
the Weather Bureau. The points plotted, with very few excep- 
tions, fell very close the final curve. The principal point interest 
this curve the great difference between and the curves for the 
Northeastern States, which are the ones usually seen. 

The conditions governing the run-off Kansas are quite different 
from those the East; these the two most important are the 
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slight slope the drainage areas and the fact that the greatest rain- Mr. 


fall occurs summer, when vegetation most abundant, and, conse- 
quently, evaporation from the ground greatest. will noticed 
that, for rainfall in. the water-sheds mentioned Mr. 


a 
s 


20 30 
Rainfall, Inches 
Fie. 21, 


Justin, the run-off about in., and the curve for Kansas gives 


only 6.1 in. 
Mr. Justin gives the general formula, 0.934 for 


the run-off. The curve plotted this formula for the 
River, one the principal streams used the diagram, Fig. 21, 
the same scale. will noted that this formula gives 
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results about 40% greater than those obtained from the curve plotted 
from actual measurements for rainfalls in. more, and for smaller 
rainfalls gives even greater discrepancies. writer attempted 
unsuccessfully derive formula that would fit this curve, and came 
the conclusion that formula would fit Kansas conditions, the 
principal difficulty being that the variation rainfall from year 
year much greater than the East, the driest year being about 
50% the average instead 70%, and formula could found 
fit long enough portion the curve cover the ordinary 

Much trouble has been caused various parts the country cal- 
culating water supplies from data and formulas compiled for use 
places where the conditions are entirely different, and would 
great service water-works engineers reliable data were available for 
all localities, and attempts derive formulas for general application 
were abandoned. 


Assoc. Am. Soc. (by letter).—Mr. Justin’s 
attempt furnishing study the relationship between precipitation 
and run-off which would lead certain formulas applicable water- 
sheds varying characteristics most praiseworthy, and his deduc- 
tions apparently apply within fair limits the water-sheds considered. 

order note certain danger marks this mode attack, the 
writer wishes call attention some the data the records 
furnished Mr. Justin, and also supplement his data with some 
from the far Western States, where conditions are somewhat different. 

equation, course, correct unless all the variables involved 
are introduced therein, but may that some the conditions which 
change from year year, from one water-shed another, are 
such minor importance that their omission may not affect the result 
beyond the limit accuracy desired, and this fact which has 
led the author omit from his equation all but two the eight 
variable conditions mentions, namely, slope water-shed and mean 
temperature. 

Effect Geology are many cases where the 
geology the basin has marked effect run-off, the 
Pacific slope, where this element cannot ignored comparing one 
water-shed with another. The lava beds along the Pacific Coast, from 
the North Fork the Feather River northward, are themselves 
huge regulating reservoirs, which not only increase the summer flow, 
but actually tend keep the total run-off for whole season near the 
normal. For instance, the upper reaches the North Fork the 
Feather River for the season, 1910-11, gave run-off in. with 
rainfall ‘of in., 61%, and during the next year in. run-off 
were produced in. rainfall, per cent. exponential 
equation averaging most nearly the records for 1905 1913 for this 
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water-shed would 2.2 being the run-off and the 
precipitation). 

Farther south, along the Sierra water-sheds, where granite peaks 
have replaced the lava beds, the exponential varies For the 
South Fork the Yuba River the Spaulding Dam, the average 
exponent unity, the equation being 0.74 

Straight-Line Equations for water-shed 
data drawn logarithmic paper Mr. Justin, having been replotted 
the writer natural-scale co-ordinate paper, found that 
straight-line equation the form, will fit all them 
just well the logarithmic curves, but, course, the introduction 
two variables only complicates matters when comparing one water- 
shed with another. necessary, however, keep the exponent 
below the second power for the cases, for there are 
limited number regions where the rainfall varies only 20% above 
below the normal, indicated the data presented. the Pacific 
slope the variation from 40% below the average 50% above, and 
the use the second power Mr. Justin’s gives values 
run-off excess the rainfall for the wetter years. 

The very marked variation total run-off for different years hav- 
ing the same rainfall should not The records from 
Lake Cochituate, with small water-shed, show extreme case, and 
the run-off based the years, 1865 1872, inclusive, 
different. constant would have been used. Even the large water- 
shed above the new Croton Dam furnishes variety points 
that two men would likely choose just the same line 
average, and the years, 1872 1880, inclusive, would form the basis 
for very different one. There are many reasons for this variation 
run-off for the same precipitation, the author points out, the ground- 
water conditions and inaccuracy true average rainfall are probably 
important factors, but, addition, there are such modifying elements 
dry winds and relative packing the snowfall; the former cutting 
down the snow remarkably short time, and the more solid the snow 
pack, the slower the melting and the greater the percolation. 

The with applying any formula 
monthly precipitation different water-sheds, and thereby construct- 
ing mass-curve determine the necessary storage, that the writer 
that agree with Mr. Justin. the place, the 
exponential equation applied the small monthly precipitations will 
not give the same yearly when applied the total yearly 
precipitation, and seems probable that the author intended merely 
proportion the monthly rainfall that for the whole year computed 
water-sheds may depend mainly mean temperature and 
slope, yet the ratio summer flow winter flow may absolutely 
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different. For instance, there are two branches the same river, each 
having water-shed approximately 500 sq. miles and the same mean 
temperature, and yet the summer and winter flows one have been, 
respectively, 560 and 10000 eu. ft. per sec., though branch, 
the same year, discharged 250 cu. ft. per sec. summer and 
reached maximum cu. ft. per for the same winter flood 
the other. 

This undoubtedly peculiar case, and principally due the 
geological formation, but, some extent, also due the fact 
that there greater proportion one water-shed the higher eleva- 
tion receiving the precipitation the form snow. 

study the actual and computed mass-diagrams the Croton 
water-shed hardly convincing argument favor this mode 
determining the storage needed, unless very long time average 
used and feasible build reservoir large enough effect regula- 
tions over long dry periods. 

Considering the draft line used for the Croton water-shed, 
1880 dam had been constructed based the rainfall formula, 
depletion in. would have provided for; and, 30% 
excess were allowed, there would have been safety factor, over 
actual conditions date, 60%, which would have been rather 
extreme. 

great many power projects either physically impossible 
very uneconomical store much more water than comes from the 
average low years, and such cases the essential feature know 
just how much auxiliary power required for the extreme years and 
how often they come. The safest procedure, river data all 
have been kept, study the run-off from the nearest available water- 
shed, having similar geological drainage basin, which records 
can obtained, using Mr. Justin’s corrections for slope and mean 
temperature. percentage allowance for extreme conditions can then 
based study. such long-time results given the Croton 
mass-curve. 

obtain the storage needed for power purposes, the writer has 
used empirical formula based the available data for the South 
Yuba River, which, for that particular water-shed, checks remarkably 
well for the years available. This formula has not yet been applied 
any other water-shed, and would most unsafe use elsewhere. 
The basis for the formula the length the dry season and the 
precipitation. pre-supposes that run-off records have been kept 
for least one year, the storage needed for any other year 
being this particular case proportional the length dry season 
corrected inversely one-third the difference percentage, from 
the average precipitation the season immediately preceding. 
using the equation, 0.74 (applicable this river), the high 
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points mass-curve can located, and the low points can Mr. 
plotted means the storage each year, thus per- 
mitting storage over long periods being found. The length dry 

season the most indefinite part the proceeding, being the time 

low stream flow, and found approximately records other streams 

with similar geological formation, or, few years monthly run- 

off and precipitation are available, plotting these together and 
observing how the low-water flow follows the last heavy rains and 

picks after the fall winter storms. 


presents the formula: Horton. 


2 


Average absolute slope the drainage basin, feet per foot; 

Maximum Maximum elevation any point the drainage 
basin; 

Minimum Minimum elevation, elevation outlet; 

Area drainage basin, square miles; 

Annual run-off depth, inches. 


adopts the suggestion the late George Rafter, Am. 
Soe. E., for the use exponential relation between rainfall and 
run-off. Mr. Rafter applied similar formulas individual drainage 
basins, but the slope, ground-water, and cultural conditions each 
basin were more less constant, was not necessary for him in- 
clude these factors separately his formula. The author’s formula 
represents attempt derive general relation between rainfall and 
run-off different drainage basins, taking into account differences 
mean temperature and slope, and claims that this formula ap- 
plicable the determination the mean run-off throughout series 
years for streams the Eastern United States. Some claim also 
made that applicable the determination not only individual 
years but individual months. The writer believes that the formula 
has certain degree value for practical application, but that its use 
should confined streams having relatively large drainage areas 
and with hydrological conditions similar those prevailing the 
larger streams the New England and Eastern States. 

Mr. Justin’s study, though perhaps too largely statistical, contains 
many valuable suggestions. The writer does not feel that the formula 
given entirely rational that will give reliable results the one 
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instance where practicing engineer commonly requires estimate 
the annual yield stream. Very many the larger streams 
the East have been accurately gauged. large the 
public- water supplies the Eastern States are derived from small 
drainage basins which have not been accurately gauged. the case 
such basins, extensive storage usually developed, and engineers 
are frequently called determine the minimum annual yield avail- 
able fill storage reservoirs. such.cases the mean annual yield 
for period years little use. Mr. Justin’s formula does not 
appear fulfill this requirement, because certainly not capable 
general application small drainage areas, say less than sq. miles 
extent. The absence any factor the formula take into 
account differences drainage basins regards cultural and evapora- 
tion conditions notable. Errors calculations the run-off for 
individual years, suggested the author, can partly eliminated 
starting the water year each case with the ground-water and 
surface storage reduced the same datum. 

The author’s formula equivalent the assumption that the an- 
nual evaporation loss direct and constant function the rainfall 
precipitation for areas having the same mean temperature. pre- 
sents table the caleulated mean annual run-off from various drain- 
age basins which shows surprisingly good agreement with his formula, 
and would appear bear out the above conclusion. This 
probably approximately correct for relatively large areas, each area 
containing wide variety different cultural conditions; the differ- 
ences also make evident that the annual evaporation loss may differ 
considerable amounts when comparing small areas having the’ same 
rainfall, mean temperature, and slope, but differing widely regards 
cultural conditions. 

tule, the case streams the Northeastern and New 
England States, about three-fourths the annual run-off occurs dur- 
ing the winter frozen season, when differences soil and cultural 
conditions have but little effect. For example, given two drainage 
basins, each having in. run-off during the frozen season; the 
rainfall, slope, and temperature being the same each, the evapora- 
tion loss during the vegetation season being 100% greater one basin 
than the other, giving, during the vegetation season, say, in. 
annual run-off one basin and in. the other, the difference 
the total annual run-off for the two streams would only per 
cent. This example illustrates and explains the fact that, the appli- 
cation formula this kind, differences soil and cultural condi- 
tions are much less important than might first appear the case; 
also illustrates the danger wide errors appearing when attempt 
made apply such formula individual months even years. 
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The author’s formula for computing the mean slope drainage 
basin very simple, but does not appear sufficiently accurate. 
Furthermore, appears probable that the variation run-off, which, 
his formula, the author attributes slope, not due that alone, 
and, fact, there may other conditions not directly taken into 
account, having greater weight regards their effect annual run- 
off, which possibly may have masked the true effect slope almost 
entirely the case the streams used the author deriving his 
slope formula. quite generally that the flatter portions 
drainage basin are built-up, cleared, drained, and cultivated, whereas 
the steep slopes are more likely forest covered. the author’s 
method derivation the relation slope run-off, the effect 
prevailing differences cultural conditions between flat and steep 
areas would appear the result part the effect slope difference. 

regards the effect forest conditions, the author appears 
the opinion that makes little difference the annual run-off 
whether not drainage basin forest the writer’s 
opinion, Mr. Justin has omitted mention the most important effect 
forests relation run-off, regards his formula. fact, his 
conclusion, that deforesting drainage basin would tend reduce the 
low-water flow and the same time greatly increase the floods, dis- 
proves his other contention. Assume, for example, the total dry-sea- 
son flow stream in.; let this reduced in. defor- 
estation; also assume the flood period run-off with forest in.; 
and let this increased result deforestation in. The 
net result will increase in. the total annual run-off 
the stream, nearly due deforestation. the writer’s opin- 
ion, this represents fairly state affairs which frequently occurs. 
However, the writer does not agree with Mr. Justin that the general 
universal effect deforestation decrease the low-water flow 
stream; that may may not the result, depending largely 
the permeability the soil. For the Northern and Eastern States, 
the writer believes that the apparent increase low-water flow 
streams the presence forests largely due retardation the 
melting snow the spring. This shortens the low-water season. 
the other hand, the elaborate European forest experiments seem 
prove conclusively that, taking into intercepted rainfall, trans- 
piration, and evaporation from the soil the forest compared with 
evaporation from the soil alone the open, there much greater 
loss water during the growing season with forest than without. 
This proposition confirmed extensive European experiments 
showing that the ground-water table generally lower under for- 
ested area than under cleared area. 

With reference the author’s formula for the slope drainage 
basin, consider inclined plane similar Fig. For purposes 
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Mr. illustration, let the slope the plane unity. For the three areas, 


Area, 


Area, 


Area, 


Thus appears that, for area which the slope actually 
constant, his formula gives variation slope 75%; and although 
his formula correct for square inclined planes, incorrect for 
planes which are not square. other words, the apparent slope, 
determined his formula, dependent the shape the area. 
For example: Compare square and circular plane areas having unit 
slope and unit area. For the square area, the author’s formula gives 
which correct. For the circular area, gives 1.18, 
error per cent. For square areas which are not inclined planes, 
the author’s formula may seriously error. For example: Con- 
sider the area shown Fig. 23, which assumed represent drain- 
age basin sq. miles. his formula, the average slope 
this basin 116.67 per mile, The actual average slope 200 ft. 
per mile. 

appears that the case drainage basins deeply serrated 
gullies, and long and narrow form, the true slope may differ widely 
that indicated his formula. Such areas are very common 
hillside drainage large valleys, such for example the Upper 
Mohawk Valley, the Finger Lakes, Flint Creek, and Cayuta Creek 
drainage basins, the central part New York State. 

The writer suggests the following considerations basis for 
determining more accurately the slope drainage basin. The 
method given can applied without difficulty excessive labor 
cases where the topographic maps the Geological Survey are 
available. Referring Fig. 24, consider the drainage basin crossed 
contour lines representing equal differences elevation. Let a-b rep- 
resent the average distance between the contours and let equal 
the contour difference elevation, feet; then, the map 
horizontal projection the area, 


tan. 


where the angle the slope. The average slope the strip 
between the contours, and equal the contour difference, 
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divided the average width this strip, and similar relation holds 
for the entire area. 


Let the average horizontal distance between contours for the 
entire 

length contours the area; 

the drainage basin. 


ThenWL=A 
Where topographic maps are available, may determined 
measuring with opisometer the length contours 20-ft. 40-ft. 


intervals, for small flat areas, and the length contours 100-ft. 
500-ft. intervals for large steep areas. 


tan. S = 


Fig. 23. 


the writer’s opinion, the effect slope run-off not meas- 
ured entirely the average slope the topographic surface, but 
rather the average slope the lines which the water travels 
from the point where the rainfall strikes the ground the point 
the stream which the area taken. For inclined plane, the 
average effective slope, may called, measured this way, 
would not the same the average topographic slope the surface. 
The effective slope any point would the elevation the point 
divided its distance from the point measurement the area. 
For figures, the mean distance all points area 
from point the perimeter the area can determined from 
the surface integral the area.* For example: the 
inclined plane, the shortest average distance which the water 
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can travel reach point the circumference would 1.273 mul- 
tiplied the radius the circle. 

would appear the writer that the effect slope run-off can 
better determined from comparison the run-off small areas 
having similar and cultural conditions throughout, than 
from the comparison such large areas have been used Mr. Jus- 
tin. confirmation this opinion, the elaborate and carefully con- 
ducted experiments Wollny may cited.* Throughout two grow- 
ing seasons, 1882 and 1883, Wollny determined the run-off from areas 
sq. argillaceous sand containing humus. one series 
experiments used areas inclined 10°, 20°, and 30° the horizontal 
and covered with growth grass. another series experiments 
used similar inclined bare areas. The writer has reduced the total 
run-off for the period covered, April September, inclusive, equiva- 
lent run-off depth, inches. Taking the mean run-off for the years 
for grass and bare areas inclined 10° unit, Wollny found that 
the relative run-off was 1.66 from areas inclined 20°, and 2.40 from 
areas degrees. Using Mr. Justin’s formula, and taking 
the run-off from area inclined 10° unity, the relative run-off for 
areas inclined 20° and 30° would 1.12 and 1.20, respectively. From 
this comparison would appear that the allowance for effect slope 
Mr. Justin’s formula very much less than that obtained 
‘Wollny from actual experiments. All things considered, would ap- 
pear the writer that the effect slope run-off requires great 
deal further study before final conclusions, conclusions capable 
general application, can obtained. 

With reference the estimation the yield small drainage 
basins, attention may properly called the frequent occurrence 
water-shed leakage connection with such areas. illustration: 
two near-by streams, accurately gauged weirs under the writer’s 
direction for several years, showed for the one minimum run-off 
about 250000 gal. from topographic drainage basin 0.4 sq. mile, 
and for the other minimum run-off zero for period from 
months nearly every summer, with drainage basin 1.18 sq. 
miles. The topographic run-off from the two streams probably about 
the same, but the effect the inversion water one basin water- 
shed leakage sufficient produce considerably larger total annual 
run-off for that basin. 

Mr. Justin’s formula, the annual run-off varies in- 
versely the mean annual temperature. method estimating run- 
off involving the temperature factor was developed Mr. 
Vermeule, number years ago. The thing which varies with the 
temperature the evaporation loss, but the writer believes that the 
quantity evaporated only indicated somewhat rough and irregu- 
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lar manner the temperature. The evaporation loss function 
the character and condition vegetation and the difference between 
the absolute vapor pressure the atmosphere and the vapor pressure 
ber years ago, Mr. Rafter pointed out that the evaporation loss 
much more nearly constant than the rainfall. The reason for this 
does not appear have been given. Apparently, however, the explana- 
tion lies the that wet years are usually relatively cold and 
dry years are usually relatively hot. The evaporation also varies ma- 
terially according the distribution the hot dry 
year evaporation may less than colder but wetter year, for 
the reason that during periods extreme drought there very little 
exposed surface, except lakes ponds, from which evaporation can 
take place. 

The determination evaporation losses proportionate ratios 
deduced from measured evaporation from free water surface, sug- 
gested Penck and more elaborately developed Parker,* appears 
the writer rational method ascertaining evapora- 
tion losses given year. 


Link. 
presented very interesting paper subject great importance 
engineers who have deal with water supply and water power, 
but that his formula, which based observations water- 
sheds the eastern part the United States only, will apply 
water-sheds all parts the country seems very doubtful, and his 
admonition, use the formula with caution applying other 
water-sheds, needs emphasized. 

great many cases the formula may give quite accurate results 
the average for long period years, but the errors for indi- 
vidual years may quite large, and the young engineer the en- 
gineer unfamiliar with handling rainfall and run-off data, should 
extremely careful its use. illustration this point, reference 
the author’s diagram for the Sudbury water-shed will show that 
the actual run-off several years varies much in. from 
the results obtained using the curve. 

The author suggests that the computation run-off dis- 
some instances, though considering the yield water-shed 
related water-power possibilities, even this discrepancy might 
important; and, the engineer figuring water-power possibilities 
usually more concerned with the individual year than with the 
average for great many years, discrepancy in. the 
estimated run-off would often lead serious consequences. 


Mr. 
Horton. 


376 DISCUSSION RAINFALL AND RUN-OFF 


the author’s diagrams, the two which the observed data most 
nearly agree with the formula, are those for the Esopus and Schoharie 
water-sheds. one case the observations cover only years, and 
the other only years, and might suggested that the observed 
data these cases are too few furnish satisfactory basis com- 
parison with general formula. 

illustration the erratic nature the relation between 
rainfall and run-off some sections the country, attention 
water-shed California with area 250 sq. miles, which 
the precipitation and run-off records have been kept with considerable 
degree accuracy. These data are shown Table 


TABLE 


inches. precipitation. 


inspection these data will seen that 1907 there 
was the highest percentage run-off, although the precipitation was 
less than one-half.of that the preceding year; and though the pre- 
cipitation 1911 was only slightly below that 1907, the run-off was 
only one-seventh great. Other water-sheds could cited which 
similar conditions obtain, but this one example will sufficient 
illustrate the point. 

Justin lays particular stress slope and mean annual tem- 
perature the chief factors determining the manner which the 
relation between rainfall and run-off varies from one water-shed 
The writer, however, would suggest that the geological forma- 
tion and the distribution rainfall throughout the year are factors 
equal importance, and the relation rainfall run-off 
for different water-sheds, for different years the same water-shed, 
ever reduced exact formula, such formula will have take 
into the distribution rainfall throughout the year, well 
the other factors mentioned. 


desires point out that the error involved the method estimating 
run-off from rainfall proposed Mr. Justin function the total 
time interval considered. Thus, the formula applied the prob- 
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1906 $2.33 8.72 
1907 15.68 
1908 18.69 0.81 
1909 28.76 1.82 
1910 12.61 1.06 
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fall for the corresponding period, the resulting error small and may 
indeed accounted for many cases the probable error the 
rainfall data. If, the other hand, the formula applied indi- 
vidual years, the resulting error larger because the ground-water 
conditions may not the same the beginning and end the year, 
and, when applied individual months, the resulting run-off is, 
course, many cases absolutely different from the actual. 

Now, the period considered, estimating the storage for 
given draft, the length time during which the reservoirs will 
below high-water level. This would vary, with different localities, from 
few months such extremes that mentioned Mr. Conte for 
near San Francisco, where years were necessary; and 
any water-shed depends the draft desired and the variations 
run-off. Taking Mr. FitzGerald’s* figures for the Sudbury water- 
shed, for example, found that the period depletion for drafts 
from 200 gal. per sq. mile per day months, 
which approximates the average period during which the ground-water 
would low. For 700000 gal. and more, the period years and 
more. should also remembered that these figures are for the 
years greatest drought, and that the average year the periods 
would much shorter. 

One would expect, therefore, obtain very close figures the 
North Atlantic States for the storage required maintain certain 
draft Mr. Justin’s method, provided this draft was more than 
700 000 gal. per sq. mile per day. For drafts from 650 000 200 000 
gal. one would find errors increasing amount and for less than 
200 000 gal., the period depletion only few months, the errors 
involved would far excess the “20 30% excess the de- 
pletion shown the mass-curve,” which Mr, Justin states cus- 
tomary use. the average year the results would error 
still greater quantities, although the average year not the critical 
one for storage, and this feature therefore not important. 

The conclusion is, therefore, that Mr. Justin’s method reasonably 
satisfactory the North Atlantic States for few exceptional cases 
only, that is, where the storage possibilities water-shed have been 
developed great extent building reservoirs, and correspondingly 
large draft expected. the majority cases economy does 
not justify such development, and, the water used for water- 
supply purposes, considered best limit the period depletion, 
and the drafts will generally less than 200000 gal. per sq. mile 
per day. For the solution the average problem, therefore, the use 
this method will dangerous. 


* Transactions, Am. Soc. C. E., 1892, Vol. XX VII, p. 268. 


lem determining the total run-off for several years from the rain- 
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these cases, where only few months’ storage necessary, the 
method used must take into account ground-storage conditions, and, 
far the writer knows, Mr. Vermeule’s method* gives the nearest 
approach true run-off figures any proposed thus far. Mr. Justin’s 
general formula, introducing does the hitherto neglected. effect 
slope, combined with Mr. Vermeule’s ground-storage curves, should 
give very close approximation for estimating run-off from rainfall 
month month. 


Justin, Assoc. Am. Soc. (by great 
caution necessary any attempt predict the quantity run-off 
from water-shed, all engineers are agreed. That preferable 
base the actual run-off, rather than estimates founded 
the rainfall the water-shed almost axiomatic. methods 
and formulas presented the paper are intended for use water- 
sheds where run-off data are partly totally lacking. 

Given such water-shed, one two courses open the engineer 
desiring build storage reservoir: First, may make guess 
the run-off, taking percentage the rainfall, and being 
guided much possible his judgment. Second, may make 
study the conditions governing the relations run-off 
rainfall the water-shed and having the same general 
characteristics, and, the result these studies, arrive run-off 
which may safely rely. 

The formula derived the writer attempt reduce the 
second method mathematical terms, Caution and are 
necessary, course, using the formula, just they are necessary 
the use formulas for, say, the design masonry dam. For 
instance, the writer would not attempt apply the formula the 
streams California Kansas without the possession additional 
data. 

Mr. Conte states that the formula gives average run-off. 
This The formula gives equally well the run-off for any 
particular year. order prove this, Tables and were prepared, 
showing that, nearly all years, the agreement between the run-off 
computed the formula and that recorded was remarkably close, 
was even shown that usable mass-curves could built the use 
the formula. Mr. Conte points case California, where 
for successive years there was run-off, probable that the 
formula, applied would for these years give such 

Even water-sheds where run-off data are available, necessary 
use them with caution, measurements flow may very inac- 
curate. The whole subject one which does not permit precision. 


Geological Survey New Jersey, Vol. III, 1894. 


‘ 
‘ 
Mr. 
Finch, 


ainfall.in Inches 


= 
i=) 
i=) 
= 


seyouy ur‘go-uny = 9 


i Mr. 
Justin, 
| 
ttt 
20 30 40 WH 
Fic. 25. 


Mr. 
Justin. 
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Fig. Mr. Begg gives run-off curve for the rivers Kansas, 
and states that nearly all points fall near this curve. This 
condition which truly remarkable. other parts the country the 
between even adjoining water-sheds often great 
that shown him between the run-off curve for all Kansas rivers and 
the curve plotted him for the Republican River from the formula, 
0.934 Accordingly, the prediction run-off the 
rivers Kansas should very simple matter the use 
Mr. Begg’s curve. states that has been unable derive for- 
mula which satisfies the relations shown his curve. The writer pre- 
sents the following equation which satisfies very closely all points 
this curve: run-off, inches; rainfall, inches; then 
Fig. shows the logarithmic equation for this curve, 
together with the logarithmic curve for the Republican River, com- 
puted Mr. Begg. will noted that the curve the same 
general form those presented the paper for rivers the North- 
eastern States, being all cases function 

Mr. Begg states that the rivers Kansas have very much flatter 
slope than any those the Northeastern States. The slope the 
Genesee (0.00554) the flattest any those considered; about 
one-tenth the slope some the steeper water-sheds for which 
data are presented. general equation holds good for the Genesee. 
Hence the writer does not feel that the mere fact that the slopes 
the Kansas rivers are less than that the Genesee sufficient make 
the general formula inapplicable Kansas conditions. 

the writer has pointed out, would not apply this formula, 


0.934 other sections the country without hav- 


ing available run-off data with which check the con- 
stant derive new one. the case Kansas, for instance, 
has just been shown that the curve presented Mr. Begg has 
equation the same general form those presented the writer. 
study the existing rainfall and run-off data the region were 
made, probable that would found that mere change the 
coefficient would give practicable results for most the water-sheds. 

The writer agrees with Mr. Clifford that equation correct un- 
less all the variables involved are introduced. the writer’s study, 
the slope the water-shed and the mean annual temperature seemed 
the factors which had the greatest influence determining the 
manner which the relation between rainfall and run-off varied from 
one water-shed another. Furthermore, these factors were capable 
mathematical expression, whereas others, such the geology the 
drainage basis, were not. Hence these factors were used determin- 
ing the general formula. The effect other factors, such character 
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vegetation, extent forest covering, prevailing winds, relative Mr. 
humidity, barometric pressure, ete,, seems well within the limit 


accuracy the existing data. least this the case with the drain- 
age basins the East. The writer regrets that not familiar with 
the water-sheds the Pacific Coast; but not possible that. other 
factors well the difference the geology basins might account 
for the shown Mr. Clifford? Difference slope and 
mean annual temperature most certainly would account for large 
part it. 

true that many cases the relations existing between rainfall 
and run-off particular water-shed may expressed straight- 
line equation, but this method makes every river law unto itself, and, 
Clifford states, “the introduction two variables only com- 
plicates matters when comparing one water-shed with another.” 

With regard the early records the Croton and Lake Cochituate 
water-sheds, their accuracy questionable. the former, the 
early days, there was only one rainfall station, but years there 
have been five six. 

the construction the presented, was not the 
writer’s intention claim that monthly run-off could predicted 
using his formula, but merely show that spite discrepancies 
means. 

the case considered Mr. Clifford, where storage over 
few dry months only, the method does not apply with the same force; 
but where the proposition big one and storage over dry years 
considered, the method will give, previously shown, practicable results. 

With regard the Croton water-shed, the greatest deficiency shown 
the computed mass-curve in., the actual present storage the 
water-shed in. the past the actual draft has been somewhat 
less than that assumed; but this storage has been found 
close the danger line that New York City has several times 
been threatened with water famine. 

Greater storage could not secured economically, and factor, 
together with the constantly increasing draft, led the installation 
the Catskill supply cost Accordingly, the writer 
believes that the actual conditions check pretty well with the informa- 
tion that might have been obtained from study the mass-curve pre- 
sented. 

Any estimate flow water-shed which run-off data are non- 
existent best scientific guess. The better the methods used, the 
better. the prospect approximating the actual run-off. Engineers 
should get away from the old-fashioned method guessing run-off 
certain percentage the rainfall because the particular water-shed 
happens look somewhat like one which sometimes gave the percent- 
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age run-off guessed at. They should attempt predict run-off 
study all the data available from surrounding water-sheds. 
was aid such study that the present formula was derived. 

Mr. Horton states that the writer’s formula certainly not capable 
general application small draitiage areas. what facts does 
base this conclusion? the paper was shown that the formula 
applied equally well the Connecticut, with its 10000 sq. miles 
water-shed, and the Sudbury, with its water-shed sq. miles. 
What there water-shed containing from sq. miles 
make inherently different from one containing from 10000 
sq. miles? Why should water-sheds divided into two classes: those 
containing more and those containing less than sq. miles? 

The writer regrets that did not have available more data the 
slope, mean annual temperature, rainfall, and run-off small water- 
sheds. confident, however, that, equally accurate data 
slope, temperature, and rainfall, run-off can predicted the for- 
mula just accurately for small water-shed for large one. The 
difficulty obtaining these data. The slope easily ascertained, 
but the nearest station having rainfall and temperature records may 
many miles distant from the small water-shed question. such 
data are used, and especially they are used without some logical 
method correction, the formula, course, may give very misleading 
results. 

Mr. Horton cites water-shed 0.4 sq. mile, which had consider- 
able minimum. run-off, though adjoining water-shed 1.18 sq. 
miles had flow zero. The same thing happens larger 
water-sheds, and must looked out for the application any 
formula. For instance, the writer knows stream, which, when 
measured gauging station, where the bottom was ledge rock, 
considerably higher results midsummer than when measured an- 
other gauging station only short distance away, where the bottom 
was gravel deposit considerable depth and extent. This matter 
water-shed leakage cannot covered any formula; but should 
not make any trouble for the engineer who applies the formula 
given water-shed, after having made study the existing conditions. 

regards cultural and soil conditions, the writer believes that 
the slope fair, rough, index these conditions. Thus, Mr. 
Horton states, the flat water-shed pretty sure consist largely 
cultivated lands and meadow with deep soil covering; and very 
steep water-shed pretty sure quite heavily forested and have 
light covering. 

The criticism made Mr. Horton the writer’s simple method 
obtaining slope merited, from mathematical standpoint, and 
freely acknowledges that the method suggested Mr. Horton would 
give truer index the slope. course. matter opinion 
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whether not excessive labor involved Mr. Horton’s method 
deriving’ slope. The writer believes that most engineers would con- 
sider excessive this labor measuring all the contours water- 
shed and obtaining the average distance between them. several 
water-sheds the writer has tried obtain value for average slope 
weighting the average slope between contours according the area 
between them, and has found the work very great; and, led 
increase final accuracy, determined that, even did adopt 
such method, probably one else would ever so. Mr. Horton’s 
method the more logical, but unless can show that would lead 
more accurate prediction run-off, would mere waste 
time use it. 

Mr. Horton points out several ideal cases which the slope in- 
dicated the writer’s method would differ from the true slope 
from per cent. Mr. Horton were considering actual water- 
sheds, the writer believes that would find difficult discover 
deviation great that represented the second figure. However, 
even this deviation were large, would not material, for re- 
quires change about 100% slope make any material change 
the relations rainfall run-off. 

Just how unimportant Mr. Horton’s objection the writer’s 
obtaining slope is, may shown the following illustration: 
Table the mean annual temperature for the Hudson 41.9 and for 
the Connecticut 42, but the slope the Hudson 0.0149 and that 
the Connecticut 0.0117, difference more than per cent. 
the table, the values for these two water-sheds are, respectively, 
0.0118 and other words, actual case, where other con- 
ditions remain the same, difference slope 20% causes differ- 
ence computed run-off less than per cent. The effect slope 
not felt until the change becomes comparatively large. The slopes 
the steepest water-sheds considered the paper are ten times 
great those the flattest. 

Mr. Finch points out that, the ordinary storage proposition, 
storage for few months only considered, and believes that 
would dangerous apply such case the writer’s method 
building mass-curve the formula. 

That the method will give more accurate results where storage 
cover the greater part one more years, the writer believes, but 
that would dangerous apply case where only few 
months’ storage desired, does not believe, provided, course, 
that due caution and good judgment are used. 

there are run-off data, some method determining the size 
the reservoir must found, and the writer believes that, even for 
brief periods storage, this method will give more reliable results 
than can otherwise obtained. 
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Mr. Link objects the use the short term the Esopus and 
Schoharie records obtaining the general formula. The record 
the Esopus, because the extreme accuracy with which was ob- 
tained, entitled equal even greater weight with the long-term 
and far less accurate records the Croton and the 
Esopus many rainfall stations were maintained 
shed 240 sq. miles, and the run-off was measured with specially 
constructed concrete weir. part the Sudbury and Croton records, 
the rainfall was obtained from single station; later, other stations 
were added. discrepancies pointed the Sudbury records 
are the only ones large magnitude the entire paper, and are 
very probably due the condition stated. 

With regard Mr. Link’s statement that discrepancy 
in. material, may said that the present methods measurement 
rainfall not justify the expectation anything closer the 
average case. Frequently, large water-sheds, the average one 
rainfall station 1000 sq. 

The behavior the California water-shed cited Mr. Link 
certainly very erratic; but large part the discrepancy may 
explained, perhaps, variations the ground-water storage. 
Mr. Link had been able divide his periods into water years,. the 
end each which the ground-water level was practically the same, 
probably would found that periods having the same precipitation 
would also have practically the same run-off, would also worth 
while look into the accuracy the precipitation and run-off data 
ease this kind. 
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and Work Committee. 


1903 and 1904 Special Committees were appointed the 
American Society Civil Engineers, American Society for Testing 
Materials, American Railway Engineering and Maintenance Way 
Association, and the Association American Portland Cement Manu- 
facturers, for the purpose investigating current practice and pro- 
viding definite information concerning the properties concrete and 
reinforced concrete and recommend necessary factors and formulas 
required the design structures which these materials are used. 
The history the appointment the committees ‘follows: 

the Annual Convention the American Society Civil 
Engineers, held June 11th, 1903, the following 
resolution was adopted: 


the sense this meeting that Special Committee ap- 
pointed take the question concrete and steel-concrete, and that 
such committee co-operate with the American Society for Testing Ma- 
terials, and the American Railway and Maintenance 
Way 


Following the adoption this resolution, Special Committee 
Concrete and Steel-concrete was appointed the Board Direc- 
tion May 31st, 1904.. the Annual Meeting, held January 18th, 
1905, the title this Special Committee was, the request the 


Presented the Annual Meeting, January 15th, 
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Committee, changed “Special Committee Concrete and Rein- 
forced Concrete.” This Special Committee held its first meeting 
Mr. Schneider was appointed Chairman and Mr. Schaub, 
Secretary. Mr. Schneider resigned from the Committee January 
3d, 1911, and the Board Direction, January 31st, 1911, appointed 
Schaub, Mr. Richard Humphrey was appointed Secretary Octo- 
ber 11th, 1905. 

the first meeting the Committee was decided co-operate 
with similar committees which had been appointed the American 
Society for Testing Materials and the American Railway Engineering 
and Maintenance Way Association through the organization 

Subsequent meetings the Committee were held New York 
January, 1906, 1907, 1909, 1910, 1911, and 1912; December 10th, 
1907; March 1st, 3d, May 1st, and on’ November 20th, 
1912; Philadelphia December, 1908; and Chicago June, 
1910. The Committee was also represented all the meetings the 
Joint Committee. 

the annual meeting the American Society for Testing Ma- 
terials, held July 1903, the Delaware Water Gap, the follow- 


ing resolution was unanimously adopted: 


“That the Executive Committee requested consider the. desira- 
bility appointing committee ‘Reinforced Concrete’, with view 
co-operating with the committees other societies study 
the subject.” 


the meeting the Executive Committee the American Society 
for Testing Materials, held December 5th, 1903, special committee 
“Reinforced Concrete” was appointed, 

The American Railway Engineering and Maintenance Way 
Committee Masonry July 20th, 1899, 
with instructions, part its duties, prepare specifications for 
concrete masonry. preliminary set specifications for Portland 
cement was reported and adopted the Association 
March 1903. the meeting held Chicago 
Committee.on Masonry was authorized with 
the Special Committee Concrete and Reinforced Concrete the 
American Society, Civil Engineers, and, following this action, 
special sub- committee was appointed. 

meeting ‘of the several special committees representing the 
above-mentioned societies, held Atlantic City, J., June 17th, 
1904, arrangements were completed for collaborating the work these 
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Concrete and Reinforced Concrete. Mr. Schneider was elected 
temporary chairman and Professor Talbot temporary secretary. 
The proposed plan action the Special Committee the American 
Society Civil Engineers was outlined, involving the appointment 
sub-committees Plan and Scope, Tests, and Ways and Means. 

The Joint Committee, its first meeting, invited the Association 
American Portland Cement Manufacturers join its deliberations 
through committee appointed for the purpose. 

The Joint Committee, meetings St. Louis October, 1904, 
and New York the following January, perfected its organization 
the adoption rules and the choice Mr. Schneider 
Chairman, Mr. Emil Swensson, Vice-Chairman, and Mr. Schaub, 
Secretary. the resignation Mr. Schaub, Mr. Richard 
Humphrey was chosen Secretary. Plan and Scope, 
Tests, and Ways and Means were appointed. 

The Joint Committee, thus organized, consisted the following 
members: 


OFFICERS. 


Chairman.—C. 


MEMBERS. 


American Society Civil Engineers (Special Committee Concrete 
and Reinforced Concrete) 


Greiner, E., Consulting Engineer, Baltimore and Ohio Rail- 
road, Baltimore, Md. 

Hatt, K., Professor Civil Engineering, Purdue University, 
Lafayette, Ind. 

Hoff, Olaf, Vice-President, Butler Brothers, Hoff and Company, 
New York, 

Humphrey, Richard L., Consulting Engineer; Engineer 
Charge, Structural Materials Testing Laboratories, 
Geological Survey, Philadelphia, Pa. 

Lesley, W., President, American Cement,,Company, Phila- 
Pa. 

Schaub, W., Consulting Engineer, Chicago, 

Schneider, C., Consulting Engineer, Philadelphia, Pa. 

Swensson, Emil, Consulting Engineer, Pittsburgh, Pa. 

Talbot, N., Professor Municipal and Sanitary Engineering, 
Charge Theoretical and Applied Mechanics, University 
Urbana, 

Worcester, R., Consulting Engineer, Boston, Mass. 
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American Society for Testing Materials (Committee Reinforced 
Concrete) 


Fuller, William B., Consulting Engineer, New York, 

Heidenreich, Lee, Consulting Engineer, New York, 

Humphrey, Richard L., Consulting Engineer; Engineer 
Charge, Structural Materials Testing Laboratories, 
Geological Survey, Philadelphia, Pa. 

Johnson, Albert L., Consulting Engineer, St. Louis, Mo. 
Lanza, Gaetano, Professor Theoretical and Applied Mechan- 
ics, Massachusetts Institute Technology, Boston, 
Lesley, W., President, American Cement Company, Phila- 
delphia, Pa, 

Marburg, Edgar, Professor Civil Engineering, University 
Pennsylvania, Philadelphia, Pa. 

Mills, Charles M., Principal Assistant Engineer, Philadelphia 
Rapid Transit Company, Philadelphia, Pa. 

Moisseiff, Leon S., Engineer Design, Department Bridges, 
New York, 

Quimby, Henry H., Assistant Engineer Bridges, Bureau 
Surveys, Philadelphia, Pa. 

Taylor, P., Engineer Charge Testing Laboratory, Phila- 
delphia, Pa. 

Thompson, Sanford E., Consulting Engineer, Newton High- 
lands, Mass. 

Turneaure, E., Dean College Mechanics and Engineer- 
ing, University Wisconsin, Madison, Wis. 

Wagner, Samuel Tobias, Assistant Engineer, Philadelphia and 
Reading Railroad, Philadelphia, Pa. 

Webster, George S., Chief Engineer, Bureau Surveys, Phila- 
delphia, Pa. 


American Railway Engineering (Sub-Committee 
Concrete) 


Beckwith, Frank, Engineer Bridges and Structures, Lake 
Shore and Michigan Southern Railroad, Cleveland, Ohio. 
Boynton, W., Inspecting Engineer, Cement Department, 
nois Steel Company, Chicago, 

Cunningham, O., Chief Engineer, Wabash Railroad, St. 
Louis, Mo. 

Scribner, Gilbert H., Jr., Contracting Engineer, Chicago, 

Swain, George F., Professor Civil Engineering, Massa- 
chusetts Institute Technology, Boston, Mass. 
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Association American Portland Cement Manufacturers (Committee 
Concrete and Steel Concrete) 


Fraser, Norman D., President, Chicago Portland Cement Com- 
pany, Chicago, 

Griffiths, E., Vice-President, American Cement Company, 
Philadelphia, Pa. 

Hagar, Edward M., Manager, Cement Department, Steel 
Company, Chicago, 

Newberry, Spencer B., Manager, Sandusky Portland Cement 
Company, Sandusky, Ohio. 


Since organization, the following changes have the 
personnel the Joint Committee: 


Schaub, died March 30th, 1909. 

Schneider, resigned January 3d, 1911. 
Ernest Ackerman, resigned. 

Brady, resigned. 

Frank Beckwith, resigned. 

Cunningham, resigned. 

George Swain, resigned. 


The following representatives the American Railway Engineering 
Association have since been appointed: 


Thompson, L., Engineer Bridges and Buildings, 

Central Railroad, Chicago, 

Hotchkiss, J., Assistant Bridge Engineer, Chicago, Burlington 
and Quincy Railroad, Chicago, 

Prior, H., Assistant Engineer, Chicago, Milwaukee and St. 
Paul Railway, Chicago, 

Schall, E., Bridge Engineer, Lehigh Valley Railroad, South 
Bethlehem, Pa. 

Tuthill, Job, Assistant Engineer, Cincinnati, Hamilton and Day- 
ton Railway, Cincinnati, Ohio. 


meeting the Joint Committee held Atlantic City, J., 
June 80th, 1911, Mr. Worcester was elected Chairman. 


Meetings the Joint Committee have been held follows: 


June 17th, 1904, Atlantic City, 
Oct. 4th, 5th, 6th, 1904, St. Louis, Mo. 
17th, 1905, New York, 
June 1905, Cleveland, Ohio. 
June 30th, 1905, Atlantic City, 
Oct. 11th, 1905, New York, 
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14th, 1905, New York, 
June 21st, 1906, City, 
18th, 1906, New York, 
Jan. 15th, 1907, New York, 
March 7th, 1907, New York, 
March 18th, 1907, Chicago, 

June 21st, 22d, 1907, Atlantic City, 
10th, 1907, New York, 

Oct. 27th, 28th, 1908, New York, 
9th, 10th, 11th, 1908, Philadelphia, Pa. 
June 30th, 1911, Atlantic City, 

Nov. 20th, 1912, New York, 


the meeting the Joint Committee St. Louis October, 
1904, was determined arrange tests such technological institu- 
tions were provided with the requisite facilities and were willing 
the Committee, through its sub-committee Ways and 
Means, provide materials, and through its sub-committee Tests, 
consult lines testing and advise methods. The 
following ten institutions, Case School Applied Science, Columbia 
University, Cornell University, University State University 
Iowa, Massachusetts Institute Technology, University Minne- 
sota, Ohio State University, Purdue University, and University 
Wisconsin, undertook preliminary series tests, and carried them 
through, due time reporting their results the Committee. 

Through the inability the Committee much had 
hoped way furnishing uniform materials for these tests and 
exercising proper supervision, the results were not as_ serviceable 
they would have been the full plans had been carefully 
ried out; but much important information was received this manner, 
and the Committee desires express its gratitude the professors 
and students who assisted kindly this work. 

The results were collated and edited the Secretary the Com- 
mittee the Structural Materials Testing Laboratories the 
Geological Survey, St. Louis, and the results, typewritten form, 
were circulated among the members the Committee. was hoped 
that they might published the Geological Survey Bulletin, 
but that the Committee was disappointed, though some the results 
have been published bulletins and papers issued their authors. 

June, 1905, the Geological Survey proposed co-operate 
with the Joint Committee the extent placing the tests made 
the St. Louis Laboratory its service and allowing the Committee 
the privilege advising what tests concrete and reinforced 
concrete should conducted there. This co-operation was welcomed 
the Committee, and was brought about the fact that the Secretary 
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the was also the Chairman the sub-committee 
tests, was charge the St. Louis Laboratory. 

During the ‘which the investigations structural 
materials were progress under the direction the United States 
Geological Survey, large amount data relating concrete and 
reinforced concrete was obtained. These investigations have included 
the survey the constituent materials concrete, such sands, 
gravels, and crushed stone, the various parts the United States, 
covering their strength mortars concretes various consistencies 
and proportions. 

number series tests plain and reinforced concrete beams 
was made, covering the influence character aggregates, propor- 
tions and age, percentage reinforcement, the effect the variation 
span relative the depth, anchorage the reinforce- 
ment, upon strength. study was made the 
personal equation tests beams, three construction com- 
panies operating St. Louis, and the employees the testing 
laboratory. Tests covering shear, compressive strength, and 
weight per cubic foot, for various classes aggregates, were made. 

Among other investigations were tests reinforced concrete slabs 
ft. span, supported two and four edges, strength and other 
properties cement hollow building blocks, the permeability 
cement mortars and concretes, value various water-proofing and 
damp-proofing preparations, effect alkali and sea water cement 
mortars and concretes, the fire-resistive properties concrete and 
other structural materials, and these have been made and published, 
part. 

The collation and study the data obtained were seriously handi- 
capped through lack funds available for this purpose, the large 
part the appropriation being devoted work urgently required 
the various, Government the annual Government 
appropriation $100 000, there was never available more than 
per the investigation concrete and reinforced concrete, 
and for several years the amount did not exceed 000 year. None 
this was.available for the publication results, and the allotment 
from the funds provided for all Government printing was wholly in- 
adequate for the purpose, 

June 30th, Congress transferred this. the Bureau 
Standards, together with data collected. that 
arrangements have been made which the data the, tests will 
published rapidly conditions permit: 

The Committee the benefit the investiga- 
tions number laboratories, some which; were under-the direct 
supervision its members. The extent and varied character the 
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tests, and their interpretation those charge, made them 
especial value the Committee. 

The Committee also has had the advantage investigations made 
foreign 

meeting the Joint Committee Atlantic City, June 
1905, was decided divide among its members the work 
and digesting the results all available tests concrete 
and reinforced concrete, and, pursuance this resolution, sub- 
committees were appointed the following subjects: 


Historical. 

Aggregates, Proportions and Mixing. 
Physical Characteristics, Water-proofing, 
Strength and Properties. 

Simple Concrete Beams. 
T-Beams, Floor Slabs, ete. 

Columns and Piles. 

Fire-resistive Qualities. 

Failures Concrete Structures. 


large amount work was done these sub-committees, and 
extensive reports were submitted most them. These reports 
were typewritten manifold and circulated among the members 
the Joint Committee, and were great value the Committee 
arriving its conclusions. 

The Sub-Committee Ways and Means raised subscription 
about $8000, which .was used for preliminary investigations and ex- 
penses incident printing its report and carrying the work 
the Committee. The Committee desires express its appreciation 
for contributions and for donations materials. 

Even with this support, the field activity the Committee 
has been limited scope, and has been unable undertake investiga- 
tions its own. 

1908 the Committee began the preparation the Progress 
Report which was submitted the Society January, 1909. pre- 
liminary outline was prepared the Secretary and submitted 
the Committee October 27th, meeting the Joint 
Committee was held New York, which the report was discussed 
paragraph paragraph, and chapters were referred sub-committees 
and carefully revised during the following three weeks. The whole, 
thus amended and revised, was again submitted print full 
meeting held December 9th, 10th, and 11th, and 
again was gone over great detail, result those two meetings, 
amount ‘of matter, which was first intended 
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and lack work into satisfactory shape, and this fact 
may attributed some of. the criticisms which have been elicited. 
hoped, this. report, avoid these objections. 

the 1911 the work revising the 1909 Progress 
Report was taken up, and number meetings were held. dis- 
submitted the American Society Civil Engineers and 
subsequent papers relating the same subject were carefully con- 
sidered, and differences opinion between members the Com- 
mittee were threshed out. 

Through the co-operation the societies represented the Joint 
Committee, the report was again put type, and the necessary editions 
were printed for the use the members the Committee, the last 
bearing the date August 1911. the form thus reached, the 
report remained until November 20th, 1912, when the Committee again 
met New York and gave the final review needed bring into the 
shape which now presented, 


2.—Historical Sketch Use Concrete and Reinforced Concrete. 


considering the history concrete and reinforced concrete, 
distinction should made between the two. The use concrete 
extends back long before the Christian era—on the other hand, the 
art reinforced concrete its infancy. 

The use concrete the ancient Romans was due the dis- 
covery the fact that voleanic ash puzzolan, when mixed with 
slaked lime, made cement possessing hydraulic properties. The 
durability this work the Romans was due largely favorable 
conditions and the character the cement used. 

From the downfall the Roman Empire the last half the 
Eighteenth Century the manufacture cement seems have been 
discontinued. The Roman cement mortars and concretes surviving 
the ravages the elements became hard that the cement acquired 
reputation that led the early experimenters the Eighteenth 
Century seek recover this supposedly lost Roman art. Evidently, 
concrete was used during this period, for the necessity simul- 
taneous induration the interior and exterior the mass prevents the 
lime alone concrete, and requires the use some material 
having hydraulic qualities, This fact limited the use concrete 
regions where hydraulic limes and cements were found. 

1756 Smeaton discovered that argillaceous limestone pro- 
duced lime that would set and harden under water, but immediate 
appreciation this knowledge appears have resulted. 

Natural cement was first manufactured Parker 1795, 
result attempt equal excel Roman cement, and 1796 
took out English patent. Natural cement was first produced 
America 1818, and for long time was the principal cement used. 
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With the introduction Portland cement, and the reduction the 
cost manufacture, there has been substitution Port- 
land for natural cement. The production natural cement reached 
maximum nearly 10000000 bbl. 1899 and gradually decreased 
about 9000000 bbl. 1911. 

The art manufacturing Portland cement was discovered 1811 
Joseph Aspdin, and patented him 1824. called this cement 
“Portland” reason its resemblance building stone obtained 
from the Isle Portland, off the coast England. 1850 very 
little progress was made the manufacture this cement 
Since 1855, however, the increase the production Europe has 
been steady, and its superiority has led gradually use 
such structures require concrete mass, foundations, fortifica- 
tions, sea-walls, docks, locks, ete. While Portland cement was first 
manufactured 1824, and was produced 1871 David Saylor, 
Coplay, Pa., and Thomas Millen, South Bend, Ind., was 
not until the early Eighties that was manufactured any extent 
America. From that time on, the production has rapidly increased, 
reaching the enormous total nearly 80000000 This 
increase production has been largely stimulated the reduction 
cost Portland cement through the perfection the American 
methods, the introduction reinforced concrete, and the extensive use 
cement during the last few years. 

1850 Joseph Gibbs obtained British patent for casting solid 
walls wooden moulds, and 1897 Stevens obtained patent 
for making artificial cast stone with concrete. not clear, however, 
that these inventors were the first use the material similar way. 

The origin the idea increasing the load-carrying capacity 
concrete reinforcing with metal embedded generally 
attributed Joseph Monier, French gardener, who used wire 
frame skeleton embedded concrete the construction flower 
pots, tubs, and tanks, 1867, and for which obtained the first 
patent the kind the same year. This was not the use 
the material, however, Lambot constructed boat reinforeed con- 
1850, which was exhibited the Paris Exposition 1853. 
took out English patent 1855. 

France, 1861, Francois Coignet applied the principles rein- 
forced concrete the construction beams, arches, pipes, and 
with Monier exhibited some their work the Paris Exposition 
1867. Coignet also took out English patent 1855. England, 
1854, Wilkinson took out patent for reinforced concrete 
floor. America, Ernest Ransome used metal combination with 
concrete early 1874, and Ward erected, 1875, Port 
Chester, New York, house built entirely reinforced concrete. 
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Monier, while not the first apply it, obtained the first patents 
for reinforced concrete, the German and American rights which 
disposed Wayss and Company 1880. Wayss and 
Bauschinger, shortly after, began the tests.on this material which 
were published 1887. 

Thaddeus Hyatt, American engineer, employed David Kirkaldy 
London make the experiments reinforced concrete which Hyatt 
published The theories Hyatt were applied practical 
way building construction 1877 Jackson, San 
Francisco. 

America, Ransome, between 1874 and 1884, constantly increased 
his application metal reinforcement consisting old wire rope and 
hoop iron, gradually realizing the necessity for using with greater 
regard for its proper position the mass, and 1884 took out the first 
patent for deformed bar. Prior this, concrete was used 
but little the United States. Ransome built his first important 
structure 1890, the Leland Stanford, Jr., Museum Building, 312 ft. 
long, two stories high, with basement, the walls and floors which 
were reinforced concrete, Since 1891, when the first slabs rein- 
concrete were used America, the development has been rapid. 

The introduction this form construction proceeded more 
slowly Europe, and between 1891 and 1894 Moeller Germany, 
Wiinsch and Emperger Hungary, Melan Austria, and Hennebique 
France, were pioneers its development. built rein- 
forced concrete slabs early 1879, but did not patent his system 
construction until 1892, 

The first published method computation was 
Wayss 1886. Subsequent theories have been advanced Mazas, 
Neuman, Melan, Coignet, Von Thullie, Ostenfeld, Sanders, 
Spitzer, Lutken, Ritter, Hatt, Talbot, Turneaure, and others. early 
Ransome worked out methods calculation independent 
other investigators, and 1899 Considére published his important series 
tests from which deduced his methods calculation. 

During the last ten years the earlier theories have been somewhat 
modified experience has been gained and the fund experi- 
mental knowledge has accumulated. The trend the modifications 
has been toward greater harmony methods calculation. Some 
the earlier assumptions have been proved fallacious, and generally aban- 
doned. the other hand, some the refinements calculation, 
though known accordance with facts, have, general consent, 
been discarded, they not affect the design materially, are 
taken into account modification the constants. Among these 
are the value the concrete the tension side beam and the lack’ 
uniform modulus elasticity compression concrete under 
widely varying stress. The earlier theories did not deal with the 
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diagonal tension under shearing stresses: This has been found 
most important consideration, and much attention has been paid 
recent years. spite the study which has already been given 
however, there still much learn this direction. The action 
various forms columns has received much con- 
sideration, and there still wide difference opinion the efficacy 
some forms column Many experiments have been 
made this branch the subject, and practice appears gradually 
converging toward greater uniformity. 

the preparation this historical sketch, the 
endeavored verify the facts, and the co-operation 
Kempton Dyson, Secretary the Concrete Institute England, 
Alfred. Huser, President, Deutscher Beton-Verein, von. Bach, Otto 
Leube, Germany, Karl Naehr, Austria, Joseph Schustler, 
Hungary, and Hannover, Denmark, whom the Committee 
wishes acknowledge its appreciation and 


Which Recommendations are Based. 


has been suggested report such this should inelude all 
the data which conclusions are based. The impracticability this 
may not realized those who are not familiar with the enormous 
quantity matter involved. There are, however, reasons other than 
the magnitude the task which tend show that full publication 
not advisable. One these that most the experimental results 
have already appeared print and are now available, and reprint 
them would great advantage any one. Where originally 
printed they are frequently accompanied with comments and deductions 
their authors, which are great value such but could scarcely 
copied the Committee. Another reason against publication 
that, the large part the experimental work consulted, has been 
found that certain vitally important information, either with regard 
the materials, the way which they are manipulated, the 
precise results reached, lacking. The omission measurements 
deformations, course, frequently renders results little value. While 
such tests may have some use account particular facts developed, 
large part may useless, and consequently unsuitable for publica- 
tion. The difficulty separating the valuable from the valueless would 
almost insurmountable. 

may not improper, however, append the following list 
authors and references, comprising considerable part the most 
important published material the subject under consideration: 


Mitteilungen iiber Forschungsarbeiten, 22, 29, 39, 
45-47, 72-74. 
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liques,” 1898, pp. 446, 447. 

Howard and Reinforced Concrete Beams”: Boston 
Transit Commission, 10th Annual Report, 1904, Appendix 

Beams and Columns”: Comptes Rendus 
des Sciences, OXXVII, 992; OXXIX, 467; 
Sept. 1902; CXL, June 30, 1905. 

auf dem Gebiete des 
betons,” No. 

Feret.—“Sur Compacité des Mortiers Hydrauliques”: Annales des 
Ponts 1892, “Composition, Various Tests 
Reinforcing”: Experimentale Ciment Armé, 1906. 

William Fuller and Sanford Thompson.—“Composition and 
Density”: Transactions, American Society Civil Engineers, Vol. 
LIX, 1907, 67. 

William Concrete Beams”: Proceedings, Amer- 
ican Society for Testing Materials, Vol. II, 1902, 161; Journal, 
Western Society Engineers, June, 1904. 

James Howard.—“Watertown Arsenal Tests Cubes and Rein- 
forced Columns”: Tests Metals, A., 1897, 1898, 1899, 
1903, 1905, and 1906; Proceedings, American Society for Testing 
Materials, Vol. VI, 1906, 346. 

Richard Louis Laboratory Tests Aggregates, 
Beams, Prisms, Geological Survey, Bulle- 
tins, 324, 829, 331, 844, 870; and Bureau Standards, Technologic 
Paper, 

George Tests Cubes”: Tests Metals, 
1899. 

Gaetano Columns and Beams”: 
American Society Civil Engineers, Vol. 1903, 483; Pro- 
ceedings, American Society for Testing Materials, Vol. VI, 1906, 
416. 

ing News, Vol. LIII, 614, June 15, 1905. 

Edgar Concrete Beams and Piers”: Proceed- 
ings, American Society for Testing Materials, Vol: IV, 1904, 
508; Vol. 1909, 509. 

Pisenbetonbau.” 

Charles Norton.—“Fire-proofing, Protection Steel Concrete”: 
Boston Insurance Engineering Experiment Station Reports, 
and IX. 

Logan Oil-mixed Portland Cement Mortar 
and Concrete”: Transactions, American Society Civil Engineers, 
Vol. 1911, 255. 
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George Rafter.—“Consistency and Proportions”: Tests Metals, 
A., 1898. 

March 

Ziirich, 1906. 

Arthur Talbot.—“Prisms, Beams, Columns”: Proceedings, American 
Society for Testing Materials, Vol. IV, 1904, 476; Vol. VII, 1907, 
382. University Illinois, Bulletins, Nos. 10, 12, 14, 20, 
22, 28, 29. 

Arthur Talbot and Arthur Lord.—“Concrete Reinforcement 
for Structural Steel Columns”: University Illinois, Bulletin, 
No. 

Sanford and Consistency”: Proceedings, 
American Society for Testing Materials, Vol. VI, 1906, 358, 
and Vol. VIII, 1908, 500. 

Frederick Columns”: Proceedings, American 
Society for Testing Materials, Vol. IV, 1904, 498. 

Geological Survey Tests, under direction Richard Hum- 
phrey. Tests High-pressure Steam Concrete, and Damp- 
proofing and Water-proofing Compounds; Published Bureau 
Standards, Technologic Papers, and 

John Van Reinforced Beams”: 
American Society Civil Engineers, Vol. LVIII, 1907, 294. 
Morton Columns”: University Wisconsin, 

Bulletins, Vol. IV, Nos. Vol. Nos. 

Tra Proceedings, American Society 
for Testing Materials, Vol. VI, 1906, 433, and Vol. VII, 1907, 
404. 

Recommendations British Reinforced Concrete Committee, 1907, 

Regulations Prussian Government, 1904, 1907. 

Rules French Government, 1907. 

Recommendations Swiss Society Engineers and Architects, 1909. 

Rules the Austrian Ministry the Interior, 1908, 1911. 


addition the authorities above quoted, the Committee desires 
acknowledge with thanks the discussions its progress reports, 
which have appeared from time time, and say that all the points 
brought out therein have been carefully weighed. 


4.—Character Report Presented. 


the time the appointment the Committee, 1904, there 
existed great diversity opinion America methods design, 
safe allowable working stresses, and methods proportioning, hand- 
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ling, ete. great deal experimental work had been done, but there 
was need clearing house through which results could compared 
and divergent views harmonized. During the interval between the ap- 
pointment the Committee and the preparation its first Progress 
Report rapid advance was made the art concrete construction aided 
the results the investigations and the experience acquired 
constructors. This report, which was submitted 1909, attempted 
embody recommendations for safe methods construction and 
design accordance with the best practice the day. would 
have been impossible for such report meet with the approval all, 
and the Committee well satisfied that its most vital 
have met with quite general acceptance the engineers the country. 

Since the appearance the first Progress Report, many experiments 
have been conducted some the technical institutions and 
private and corporate interests, and through these and through longer 
experience construction its members and others, the Committee 
now able make some perfecting modifications its former report 
and add some entirely new material. The time, therefore, seems 
opportune for presenting this second report, bringing the work 
date. 

The Committee would point out that while the report deals with 
every kind stress which concrete subjected, and includes all 
ordinary conditions proportioning and handling, does not into 
all types construction all the applications which concrete and 
reinforced concrete may put. 

not assumed that the Committee presenting this 
report wishes imply that further improvements are not possible. 
careful reading will disclose many points which the present deduc- 
tions are regarded only tentative; but has been the aim the 
Committee cover fully possible based the 
present state the art. 

This report what the word implies, and nothing more; not 
“specification”, but may used basis for specifications. 

The use concrete and reinforced concrete involves the exercise 
good judgment greater degree than for any other building 
material. 

Rules cannot produce supersede judgment; the contrary, 
judgment should control the interpretation and application rules. 


The adaptability concrete and reinforced concrete for engineer- 
ing structures, parts thereof, now well established that they 
may considered the recognized materials construction. They 
have proved satisfactory materials, when properly used, for those pur- 
poses for which their qualities make them particularly suitable. 
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1.—Uses. 


Concrete material very low tensile strength, and capable 
sustaining but very small tensile deformations without rupture; 
its value structural material depends chiefly its durability, its 
fire-resistive qualities, its strength compression, its relatively low 
cost, and its adaptability placing, especially where space cramped 
limited. Its strength increases generally with age. 

Concrete well adapted for structures which the principal 
stresses are compressive, such foundations, dams, retaining and 
other walls, tunnels, piers, abutments, short columns, and, many 
cases, arches. the design massive concrete, the tensile strength 
the material resisting principal stresses must generally 
neglected. 

the use metal reinforcement resist the principal tensile 
stresses, concrete becomes available for general use great variety 
structures and structural forms. This combination concrete 
and particularly advantageous the beam, where both com- 
pression and tension exist; also advantageous the column, where 
the main stresses are compressive, but where cross-bending may 
structures resisting lateral forces, possesses advantages over plain 
concrete that may designed utilize more fully the 
strength rather than the weight the material. Metal reinforce- 
ment may also value distributing cracks due shrinkage and 
temperature changes. 


2.—Precautions. 


Failures reinforced concrete structures are usually due any 
one combination the following causes: defective design, poor 
material, faulty execution, and premature removal forms. 

The defects design may many and various. The computa- 
tions and assumptions which they were based may faulty and 
contrary the established principles statics and mechanics; the unit 
stresses used may excessive, the details design defective. 

Articulated concrete structures designed imitation steel 
trusses, may mentioned illustrating questionable use rein- 
forced concrete, and such structures are not recommended. 

Poor material sometimes used for the concrete, well for 
the reinforcement. The use poor aggregates, especially sand, which 
have not been tested, common source defect: Inferior 
frequently due also lack experience the part the contractor 
and his superintendents, the absence proper supervision. 

unsuitable quality metal for reinforcement sometimes 
prescribed specifications, for the purpose reducing the cost. For 
steel structures, high grade material specified, but the steel used 
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for reinforcing concrete sometimes made brittle 
material. 

Faulty execution, careless workmanship, and too early removal 
forms may generally attributed insufficient 
supervision. 


and Supervision. 


The design reinforced concrete structures should receive least 
the same careful consideration those steel, and only engineers 
with sufficient experience and good judgment should intrusted with 
such work. 

The computations should include all minor details, which are some- 
times the utmost importance. The design should show clearly the 
size and position the and should provide for proper 
connections between the component parts, that they cannot dis- 
the connections between reinforced concrete members are 
frequently source weakness, the design should include detailed 
study such connections, accompanied computations prove their 
strength, 

While other engineering structures the safety which human 
lives generally designed engineers employed the 
owner, and the contracts let the engineer’s design specifications, 
aceordance with legitimate practice, conerete structures 
frequently are designed contractors engineers commercially 
interested, and the contract let for lump sum. 

The construction buildings large cities regulated ordi- 
nances building.laws, and the work inspected municipal authori- 
ties. For reinforced work, however, the limited supervision 
which municipal inspectors give not sufficient. There- 
fore, means for more and inspection should 
provided. 

The execution the work should not from the design, 
supervision and successful execution expected 
only when both functions are combined. The engineer who prepares 
the design and specifications, therefore, should have the supervision 
the execution the work. 

The Committee recommends the following rules for structures 
concrete for the purpose fixing the responsibility and 
providing for adequate supervision during construction: 


(a). Before work commenced, complete plans shall prepared, 
accompanied specifications, stress computations, and descriptions 
showing the general arrangement and all details. The plans shall show 
the size, length, dimensions for points bending, and 
all reinforcement, including stirrups, ties, hooping, 
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The computations shall give the loads assumed separately, such 
dead and live loads, wind, and impact, any, and the resulting stresses. 

used for making the concrete, and the manner they are 
proportioned. 

(c) The strength which the concrete expected attain after 
definite period shall stated the specifications. 

(d) The drawings and specifications shall signed the engineer 
and the contractor. 

Plans specifications for all public structures should 
approved legally authorized State City official, 
such plans and specifications placed file his office. 

(f) ‘The approval plans and specifications other authorities 
shall not relieve the engineer the contractor 

(g) Inspection during construction shall made competent 
employed and under the supervision the engineer, and 
shall cover the following: 

The materials. 
The correct construction and erection the forms 
the supports. 
The sizes, shapes, and arrangement the reinforcement. 
The proportioning, mixing, and placing the concrete. 
The strength the concrete, tests test 
pieces made the work. 
Whether the concrete sufficiently before the 
forms and supports are removed. 
Prevention injury any part the structure and 
after the removal the forms. 
Comparison dimensions all parts the finished 
structure with the plans. 


(h) Load tests portions the finished structure shall made 
where there reasonable suspicion that the work not 
erly performed, that, through influences some kind, the strength 
has been impaired. Loading shall carried such point that one 
and three-quarters times the calculated working 
parts are reached, and such loads shall cause injurious permanent 


deformations. Load tests shall not made until after days 
hardening. 
4.—Destructive Agencies. 


(a) Corrosion Metal Reinforcement.—Tests and experience indi- 
eate that steel sufficiently embedded good concrete well protected 
against corrosion, matter whether located above below water 
recommended that such protection not Jess than in. 
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water, when the concrete laid with very dry consistency, the 
metal may corrode the presence moisture and air. 

(b) Electrolysis—The most recent experimental data available 
this subject seem show that while reinforced structures 
may, under certain conditions, injured the flow 
rent either direction between the reinforcing material and the con- 
such injury generally expected only where 
higher than those which usually concrete 
structures practice. the iron positive, trouble may manifest 
itself corrosion the iron accompanied cracking the con- 
crete, and, the iron negative, there may softening the 
concrete near the surface the iron, resulting destruction 
the bond. The former, anode effect, decreases much more rapidly 
than the voltage, and almost not quite disappears voltages that 
are most likely encountered practice. The cathode 
the other hand, takes place even very low voltages, and therefore 
more important from practical standpoint than that the anode. 

containing salt calcium chloride, even very 
quantities, are very much more susceptible the effects electric 
currents than normal concrete, both the anode and cathode effects 
progressing much more rapidly the presence chlorine. 

There great weight evidence show that normal reinforced 
concrete structures free from salt are very little danger under most 
practical conditions, while non-reinforced concrete structures are prac- 
tically immune from electrolysis troubles. 

The results experiments now progress may yield more con- 
clusive information this subject. 

(c) Sea data available concerning the effect sea 
water concrete reinforced concrete are limited and inconclusive. 
Sea walls out the range frost action have been standing for many 
years without apparent injury. many harbors where the water 
brackish, through rivers discharging into them, serious disintegra- 
tion has taken place. This has occurred chiefly between low and high 
tide levels, and due, evidently, part frost. Chemical action 
also appears indicated the softening the mortar. effect 
the best resistance sea water, the concrete must proportioned, 
mixed, and placed prevent the penetration into 
the mass through the joints. The cement should such chemi- 
cal composition will best resist the action sea water; the aggre- 
gates should carefully selected, graded, and proportioned with 
the cement secure the maximum possible density; the concrete 
should thoroughly mixed; the joints between old and new work 
should made water-tight; and the concrete should kept from 
exposure sea water until thoroughly hard and impervious. 
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first-class quality, thoroughly hardened, 
affected appreciably only strong acids which seriously injure 
other substance like manure injurious green 
concrete, but after the concrete has hardened thoroughly resists 
the action such acid satisfactorily. 

(e) concrete properly made and the surface 
hardened, resists the action such mineral 
oils petroleum and ordinary engine oils. Oils which contain fatty 
acids, produce injurious effects, forming compounds with the lime which 
result disintegration the concrete contact with them. 

(f) action alkalies concrete problematical. 
the reclamation arid land, where the soil heavily charged with 
alkaline salts, has been found that concrete, stone, brick, iron, ‘and 
other materials are injured under certain conditions. would seem 
that the level the ground-water, extremely dry atmosphere, 
such structures are disintegrated, through the rapid crystallization 
the alkaline salts, resulting from the alternate wetting and drying 
the surface. Such destructive action can prevented the use 
protective coating, and minimized securing dense concrete. 


knowledge the properties the materials entering into con- 
erete and reinforced concrete the first essential. The importance 
the quality the materials used cannot overestimated, and not 
only the cement but also the aggregates should subject such 
definite requirements and tests will insure concrete the desired 
quality. 


1.—Cement. 


There are available for construction purposes: Portland, Natural, 
and Puzzolan Slag cements. Only Portland cement suitable for 
concrete. 

(a) Portland Cement.—This the finely pulverized product re- 
sulting from the calcination incipient fusion intimate mix- 
ture properly proportioned argillaceous and calcareous materials. 
has definite chemical composition varying within comparatively 
narrow limits. 

Portland cement should used reinforced concrete construc- 
tion and any construction that will subject shocks vibrations 
stresses other than direct compression. 

(b) Natural Cement.—This the finely pulverized product result- 
ing from the calcination argillaceous limestone temperature 
only sufficient drive off the carbonic acid gas. Although the lime- 
stone must have certain composition, this composition 
within much wider limits than the case Portland cement. Natural 
cement does not develop its strength quickly, nor uniform 
composition, Portland cement. 
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Natural cement may used massive masonry where weight 
rather than strength the essential feature. 

Where economy the governing factor, comparison may made 
between the use natural and leaner mixture Portland 
that will develop the same strength. 

product resulting from grinding mechanical mixture granulated 
basic blast furnace slag lime. 

Puzzolan cement not nearly uniform, reliable 
important work; should only for foundation work under- 
ground where not exposed air running water. 

(d) cement should meet the requirements 
the Standard Methods Testing and Specifications for Cement (see 
Appendix, 427), may hereafter amended, the result the 
joint labors Special Committees the American Society Civil 
Engineers, American Society for Testing Materials, American Railway 
Engineering Association, and others: 


2.—Aggregates. 

Extreme care should exercised selecting the aggregates for 
mortar and concrete, and careful tests made the materials for the 
determining their qualities and the grading necessary 
secure maximum density* minimum percentage voids. 

(a) Fine should consist sand, crushed stone, 
gravel screenings, graded from fine coarse, and passing when dry 
material, and should clean, coarse, free from dust, soft 
particles, vegetable loam, other deleterious matter; and not more than 
should pass sieve having 100 meshes per lin. in. Fine aggregates 
should always tested. 

Fine aggregate should such quality that mortar composed 
one part Portland cement and three parts fine aggregate weight, 
when made into briquettes, will show tensile strength least equal 
the strength 1:3 mortar the same consistency made with the 
same cement and standard Ottawa the aggregate 
poorer quality, the proportion cement the mortar should in- 
creased secure the desired strength. 

the strength developed the aggregate the 1:3 mortar 
less than 70% the strength the Ottawa sand mortar, the material 
should rejected. avoid the removal any coating the grains, 


convenient coefficient density the ratio the sum the volumes materials 
contained in a unit volume to the total unit volume. 


sand obtained Ottawa, passing screen having meshes and re- 
tained screen having meshes per in.; prepared and furnished the Ottawa 
Silica Company. for 2 cents per Ib., f. o. b. cars, Ottawa, IIL, under the direction of the 
Special Committee Uniform Tests Cement the American Society Civil Engineers. 
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which may affect the strength, bank sands should not dried before 
being made into mortar, but should contain natural moisture. The 
percentage moisture may determined separate sample for 
correcting weight. From 40% more water may required 
mixing bank artificial sands than for standard Ottawa sand pro- 
duce the same consistency. 

(b) Coarse should consist. crushed stone 
gravel which retained screen having holes in. diameter, 
and graded from the smallest the largest particles; should 
clean, hard, durable, and free from all deleterious matter. Aggregates 
containing dust, and soft, flat, elongated particles, should excluded 
from important structures. 

The maximum size the coarse aggregate governed the char- 
acter the construction. 

For and for small masses unreinforced con- 
the aggregate must small enough produce with the mortar 
homogeneous concrete viscous consistency which will pass readily 
between and easily surround the reinforcement and fill all parts the 
forms. 

For concrete large masses, the size the coarse aggregate may 
increased, large aggregate produces stronger concrete than 
fine one, although should noted that the danger separation 
from the mortar becomes greater the size the coarse aggregate 
increases. 

Cinder concrete should not used for reinforced concrete struc- 
tures. may allowable mass for very light loads for fire 
protection purposes. The cinders used should composed hard, 
clean, vitreous clinker, free from sulphides, unburned coal, ashes. 


The water used mixing concrete should free from oil, acid, 
alkalies, organic matter. 


4.—Metal Reinforcement. 


The Committee recommends, suitable material for reinforce- 
ment, steel filling the requirements for structural steel reinforcement 
the specifications adopted the American ,Railway Engineering 
Association (Appendix, 

Where little bending shaping required, and also for reinforce- 
ment for shrinkage and temperature stresses, material filling the 
requirements the specifications adopted the American Railway En- 
gineering Association for high-carbon steel (Appendix, may 
adopting the same unit stress hereinafter recommended for 
structural grade material. 


REPORT: COMMITTEE CONCRETE AND REINFORCED CONCRETE 407 


For the reinforcement slabs, small beams, minor details, 
for reinforcement for shrinkage and temperature stresses, wire drawn 
from bars the grade rivet steel may used, with the unit stresses 
hereinafter recommended. 

The reinforcement should free from rust, scale, 
coatings character which would tend reduce destroy the 


bond. 


1.—Proportions. 


The materials used concrete should carefully selected, 
uniform quality, and proportioned with view securing nearly 
possible maximum density. 

(a) Unit unit measure should the cubic 
foot. bag cement, containing Ib. net, should considered 
the equivalent cu. ft. 

The measurement the fine and coarse aggregates should 
loose volume. 

(b) Relation Fine and Coarse Aggregates.—The fine and coarse 
aggregate should used such relative proportions will insure 
maximum density. unimportant work sufficient this 
individual judgment, using correspondingly higher proportions 
cement; for important work these proportions should carefully 
determined density and the sizing the fine and 
coarse aggregates should uniformly maintained the proportions 
changed meet the varying sizes. 

(c) Relation Cement and reinforced concrete 
construction, one part cement total six parts fine and 
coarse aggregates measured separately should generally used. 
columns, richer mixtures are generally preferable, and massive 
masonry rubble concrete, mixture 1:9 even 1:12 may 

These proportions should determined the strength the wear- 
ing qualities required the construction the critical period its 
use. Experienced judgment based individual observation and tests 
proper proportions for any particular case. 

For all important construction, tests should made. 
concrete, the materials, proportions, and consistency used 
the work. These tests should made under laboratory conditions 
obtain uniformity mixing, proportioning, and storage, and case 
the results not conform the requirements the work, aggregates 
obtain the desired results. 
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2.—Mixing. 


The ingredients concrete should thoroughly mixed, and the 
mixing should continue until the cement uniformly distributed and 
the mass uniform color and homogeneous. the maximum 
density and greatest strength given mixture depend largely 
thorough and complete mixing, essential that the work mixing 
should receive special attention and care. 

Inasmuch difficult determine, visual inspection, 
whether the concrete uniformly mixed, especially where limestone 
aggregates having the color cement are used, essential that 
the mixing. should occupy definite period time. The minimum 
time will depend whether the mixing done machine hand. 

(a) Measuring measurement the pro- 
portions the various ingredients used which will secure 
separate and uniform measurements cement, fine aggregate, coarse 
aggregate, and water, all times. 

(b) Machine the conditions will permit, machine 
mixer type which insures the uniform proportioning the 
materials throughout the mass should used, more uniform con- 
sistency can thus obtained. The mixing should 
minimum time least min. after all the ingredients are assembled 
the mixer. 

(c) Hand necessary mix hand, the mix- 
ing should water-tight platform, and especial precautions should 
taken turn all the ingredients together least six times and 
until they are homogeneous appearance and color. 

(d) materials should mixed wet enough 
produce concrete such consistency will flow into the forms 
and.about the metal when used, and which, the same 
time, can conveyed mixer the forms without separation 
the coarse aggregate from the mortar. 

(e) concrete should not remixed with 
water after has partly 


3.—Placing Concrete. 


(a) Methods.—Concrete, after the completion the mixing, should 
handled rapidly, and small masses practicable, from the 
place mixing the place final deposit, and under circum- 
stances should concrete used that has partly set. 
cement should used when long time likely occur between 
mixing and placing. 

Concrete should deposited such manner will permit the 
most thorough compacting, such can obtained working with 
straight shovel slicing tool kept moving and down until all 
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the ingredients have settled their proper places gravity, and the 
surplus water has been forced the surface. Special care should 
exercised prevent the formation laitance, which hardens very 
slowly and forms poor surface which deposit fresh concrete. All 
laitance should removed. 

Before depositing concrete, the reinforcement carefully 
placed accordance with the plans, and adequate means provided 
hold its proper position until the been deposited and 
compacted; care should taken see that the forms are substantial 
and thoroughly wetted (except freezing weather) oiled, and that 
the space occupied the concrete free from débris. When the 
placing concrete suspended, all necessary grooves for joining future 
work should the concrete has had time set. 

When work resumed, concrete previously placed should 
roughened, thoroughly cleansed foreign material and laitance, thor- 
oughly wetted, and then slushed with mortar consisting one part 
Portland cement and not more than two parts fine aggregate. 

The faces concrete exposed premature drying should kept 
wet for period least days. 

(b) Freezing. Weather.—Concrete should not mixed deposited 
freezing temperature, unless special precautions are taken avoid 
the use materials covered with ice crystals containing frost, and 
provide means prevent the concrete from freezing after being 
placed position and until has thoroughly hardened. 

the coarse aggregate forms the greater portion of. the 
particularly important that this material heated well above 
the freezing point. 

massive work, its value may improved and its cost materially re- 
duced the use clean stones thoroughly embedded the concrete 
near together possible and still entirely surrounded concrete. 

(d) Under placing concrete under water, essential 
maintain still water the place deposit. The use tremies, 
properly designed and operated, satisfactory method placing con- 
through water. The concrete should mixed very wet (more 
than ordinarily permissible) that will flow readily through the 
and into the place with practically level surface. 

The coarse aggregate should smaller than ordinarily used, and 
never more than in. diameter. The use gravel facilitates mixing 
and assists the flow concrete through the tremie. The mouth the 
tremie should buried the concrete so’ far that all times 
entirely sealed and the surrounding water prevented from itself 
into the concrete will then discharge without coming 
contact with the water. The tremie should suspended that can 
lowered quickly when necessary either choke off prevent 


= 
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too rapid flow; the lateral flow should preferably not more than 
ft. 

The flow should continuous, order produce 
mass and prevent the formation laitance the interior. 

large structures may necessary divide the mass con- 
crete into several small compartments units, filling one 
With possible this manner obtain good results 


Forms. 


Forms should substantial and unyielding, that the concrete 
shall conform the designed dimensions and and they should 
tight prevent the leakage mortar. 

The time for removal forms one the most important steps 
should taken the concrete and ascertain its hardness before 
removing the forms. 

many conditions affect the hardening concrete that the proper 
time for the removal the forms should decided some competent 
and responsible person, especially where the conditions are 
unfavorable. 

may stated general way that forms should remain place 
longer reinforced than for plain massive 
that forms for floors, beams, and similar horizontal structures should 
remain place much longer than for vertical walls. 

When the concrete gives distinctive ring under the blow 
hammer, generally indication that has hardened 
permit the removal the forms with safety. If, however, the tem- 
perature that there any possibility that the frozeti, 
this test not safe reliance, frozen concrete may appear 
very hard. 


1.—Joints. 


(a) concrete construction desirable to. cast, the 
entire one operation, but this not always possible, 
cially large structures, stop the work some 
This point should that the resulting joint 
may have the least possible effect the strength the 
therefore recommended that the joints columns made flush with 
the lower side the girders; that the joints girders point 
midway between. supports, but should beam intersect girder 
point, the joint should distance equal twice the the 
beam; that the joints the members floor system should general 
made near the center the 
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Joints columns should perpendicular the axis the 
and and floor slabs perpendicular the plane 
their surfaces. 

should never over freshly formed columns 
without permitting period least hours elapse, thus providing 
for settlement shrinkage the columns. 

Shrinkage and contraction joints may necessary conerete sub- 
ject great fluctuations temperature. The frequency these joints 
will depend, first, the range temperature which the concrete will 
subjected, and second, the quantity and position reinforce- 
ment. These joints should determined, and provided for the de- 
sign. massive work, such retaining walls, abutments, etc., built 
without. reinforcement, contraction joints should provided in- 
(the smaller the height and thickness, the closer the spacing) through- 
out the length the structure. provide against the structure being 
thrown out line unequal settlement, each section the wall should 
tongued and grooved into the adjoining section, groove should 
formed the surface the concrete vertical joints walls 
abutments. 

Shrinkage and contraction joints should lubricated either 
application petroleum residuum oil similar material, 
permit free movement the joint when the concrete expands 
contracts. 

The insertion sheet copper zinc, even tarred paper, 
will found advantagéous sécuring expansion and 
the joint. 

(b) Reinforcement.—Wherever necessary splice tension 
reinforcement, the length lap should determined the basis 
the safe bond stress, the stress the bar, and the shearing resistance 
the concrete the point splice; connection should made 
between the bars sufficient strength carry the stress. Splices 
points maximum stress should avoided. columns, bars’ more 
squared and butted suitable sleeve; smaller bars 
indicated for tension reinforcement, the stress may cared for 
plates should provided for supporting the bars, bars 
into the footing sufficient distance transmit the 
the steel the conerete means the bearing and bond 
2.—Shrinkage and Temperature Changes. 


Shrinkage concrete, due hardening and contraction from 
temperature changes, causes cracks the size which depends the 


e 

e 
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extent the The resulting stresses are important monolithic 
construction, and should considered carefully the designer; they 
cannot counteracted successfully, but the effects can minimized. 

Large cracks, produced quick hardening wide ranges tem- 
perature, can broken some extent into small cracks placing 
reinforcement the concrete; long continuous lengths conerete, 
better provide shrinkage joints points the structure where 
they will little harm. Reinforcement and 
permits longer distances between shrinkage joints than when rein- 
forcement used. 

Small masses thin bodies should not joined 
larger thicker masses without providing for shrinkage such points. 
Fillets similar those used metal castings, but larger dimen- 
sions, for gradually reducing from the thicker the thinner body, are 
advantage. 

Shrinkage cracks are likely occur points where fresh concrete 
joined that which set, and hence, placing the con- 
struction joints should made horizontal and vertical lines, and, 
possible, points where joints would naturally occur dimension- 
stone masonry. 


The actual fire tests concrete and concrete have been 
limited, but experience, together with the results tests thus far made, 
indicates. that concrete, account its low rate heat conductivity 
and the fact that incombustible, may used safely 
proofing purposes. 

The dehydration concrete probably begins about 500° Fahr., 
and completed about 900° Fahr., but experience indicates that the 
volatilization the water absorbs heat from the surrounding mass, 
which, together with the resistance the air cells, tends increase 
the heat resistance the concrete, that the process dehydration 
very much retarded. The concrete that actually affected 
position and affords protection the concrete beneath it. 

The thickness the protective coating required depends the 
probable duration fire which likely the structure, 
and should based the rate heat conductivity. The question 
the one which requires further study and 
investigation before definite rate for different classes can 
fully established. However, for ordinary conditions, recom- 
mended that the metal girders and columns protected mini- 
mum in. concrete; that the metal beams protected 
minimum in. concrete; and that the floor slabs 
protected minimum in. concrete. 
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that, monolithic columns, the con- 
crete depth in. considered protective covering, and not 
the effective section. 

recommended that the corners columns, girders, and beams 
beveled rounded, sharp corner more seriously affected 
fire than round one. 


Many expedients have been used render concrete impervious 
water under normal conditions, and also under pressure conditions 
that exist reservoirs, dams, and conduits various 
ence shows, however, that where mortar concrete proportioned 
obtain the greatest practicable density and mixed rather wet 
consistency, the resulting mortar concrete impervious under mod- 
erate pressure, 

concrete dry consistency more less pervious water, and 
compounds various kinds have been mixed with the concrete, 
applied wash the surface for the purpose making water- 
tight. Many these compounds are but temporary value, and 
time lose their power imparting impermeability the concrete. 

the case subways, long retaining walls, and reservoirs, pro- 
vided the concrete itself impervious, cracks may reduced 
horizontal and vertical reinforcement properly proportioned and located, 
that they are too minute permit leakage, are soon closed infil- 
tration silt. 

Coal-tar preparations, applied either mastic coating 
felt cloth fabric, are used for water-proofing, and should proof 
against injury liquids gases. 

For retaining and similar walls direct contact with the earth, 
the application one two coatings hot coal-tar pitch the 
thoroughly dried surface concrete efficient method prevent- 
ing the penetration moisture from the earth. 


5.—Surface Finish. 


Conerete material individual type, and should not used 
imitation other structural materials. One the important prob- 
lems connected with its use the character the finish exposed 
surfaces. The finish the surface should determined before the 
concrete placed, and the work should conducted make 
possible the finish desired. For many forms construction the natural 
surface the concrete unobjectionable, but frequently the marks 
the boards and the flat dead surface are displeasing; making some 
special treatment desirable. treatment. the surface, either 
removes the film mortar and brings the aggregates the concrete 
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into relief frequently used remove the form markings, break the 
The plastering surfaces, ordinarily applied, should avoided, 
for, even carefully done, likely peel off under the action 
frost temperature changes. 


Concrete, 


the design massive plain concrete, account should 
taken the tensile strength the material, and sections should 
usually proportioned avoid tensile stresses, except slight 
amounts resist indirect This will generally 
kept within the middle third the section, but, very large structures, 
such high masonry dams, more exact analysis may required. 
Structures massive concrete are able resist unbalanced lateral 
forces reason their weight, hence the element weight rather 
than strength often determines the design. relatively cheap and 
weak concrete, therefore, will often suitable for massive. concrete 
structures. 

desirable, generally, provide joints intervals, localize 
the effect contraction. 

Massive concrete suitable for. dams, retaining walls, and piers 
and short columns which the ratio length least width 
relatively small. Under ordinary conditions, this ratio should not ex- 
ceed six. also suitable for arches moderate span, where the 
conditions foundations are favorable. 


Concrete. 


the use metal reinforcement resist the principal tensile 
stresses, concrete becomes available for general use great variety 
structures and structural forms. This combination concrete and 
metal particularly advantageous the beam, where both compression 
and tension exist; also advantageous the column, where the 
main are compressive, but where cross-bending may exist. 
The theory design, therefore, will relate mainly the analysis 
beams and columns. 


Assumptions. 


Loads.—The loads forces resisted consist 
The Dead Load.—This includes the weight the structure 
and fixed loads and forces. 
The Live consists the loads and forces which 
are The dynamic effect the live load will often 
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require consideration. allowance for the dynamic 
effect is; preferably taken adding the de- 
the live load the live-load stresses. 
The working stresses recommended are intended 
apply the equivalent static stresses thus determined. 

may reduced accordance with the usual practice. 


(b) Lengths Beams and Columns.—The span length for beams 
and slabs shall taken the distance from center center sup- 
ports, but need not taken exceed the clear span plus the depth 
beam slab. Brackets shall not considered reducing the 
clear span the sense here intended. 

The length columns shall taken the maximum unsupported 
length. 

(c) Internal basis for relating the 
strength structures, the following assumptions are recommended: 


will made with reference working stresses 
and safe loads, rather than with reference ultimate 
strength and ultimate loads. 

before bending remains plane after bending. 

The modulus elasticity concrete compression, within 
the usual limits working stresses, constant The dis- 
tribution compressive stresses beams, therefore, 
rectilinear, 

calculating the moment resistance beams, the tensile 
stresses the concrete are neglected. 

Perfect adhesion assumed between concrete and reinforce- 
ment. Under compressive stresses, the two materials, there- 

fore, are stressed proportion their moduli elasticity. 

The ratio the modulus elasticity steel the modulus 
Chapter VIII, Section 

Initial stress the reinforcement, due contraction ex- 
pansion the concrete, neglected. 


oo bo 


recognized that some the assumptions given herein not 
entirely borne out experimental data. They are given the interest 
simplicity and uniformity, and variations from exact conditions are 
taken into account the selection formulas and working stresses. 

The deflection beams affected the tensile strength de- 
veloped throughout the length the beam. For calculations deflec- 
approximately with the ‘actual 


COMMITTEE CONCRETE AND REINFORCED CONCRETE 


4.—T-Beams. 


beam and slab construction, effective bond should provided 
the junction the beam and slab. When the principal slab rein- 
forcement parallel beam, transverse reinforcement should 
used, extending over the beam and well into the slab. 

Where adequate bond and shearing resistance between slab and web 
beam provided, the slab considered integral part 
the beam, but its effective width shall determined the follow- 
ing rules: 


(a) shall not exceed one-fourth the span length the 
beam; 

(b) Its overhanging width either side the web, shall not 
exceed four times the thickness the slab. 


the design T-beams acting continuous beams, due 
sideration should given the compressive stresses the support. 

Beams which the tee form used only for the purpose provid- 
ing additional compression area concrete should preferably have 
width flange not more than three times the width the stem and 
thickness flange not less than one-third the depth the beam. 
Both this form and the beam and slab form, the web stresses 
and the limitations placing and spacing the longitudinal 
ment will probably controlling factors design. 


5.—Floor Slabs. 


Floor slabs should designed and reinforced continuous over the 
supports. the length the slab exceeds one and five-tenth times its 
width, the entire load should carried transverse reinforcement. 
Square slabs may well reinforced both directions.* 

The continuous flat slab ‘with multiple-way reinforcement 
type construction used quite extensively, and has recognized ad- 


* The exact distribution of load on square and rectangular slabs, supported on four sides 
and reinforced both directions, cannot readily determined. The following method 
calculation is recognized as faulty, but it is offered as a tentative method which will give 
results the safe side. The distribution load first determined the formula: 

i“ 
which proportion load carried the transverse reinforcement, length, and 


r 


0.88 


Using the values above specified, each set reinforcement calculated the same 
manner as Slabs having supports on two sides only. but the total amount of reinforcement 
thus determined may reduced 25%, gradually increasing the rod spacing from the 
third point the edge the slab. 


0.50 
1.1 0.59 
1.2 0.67 
1.3 
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vantages for special conditions, case warehouses with 
opinion exists among engineers the formulas and constants which 
should used, but experience and tests are accumulating data which 
hoped will the near future permit the formulation the prin- 
ciples design for this form 

The loads carried by: slabs. which are reinforced two 
directions will not the beam, 
and its distribution will depend relative the slab 
supporting beam. under ordinary conditions 
construction may expected that which the load the 
beam varies accordance with the ordinates parabola having its 
vertex the middle the span. For any given design, the probable 
distribution should ascertained, and the moments the beam 
accordingly. 


6.—Continuous Beams and Slabs. 


When the beam slab continuous over its reinforce- 
ment should fully provided points negative moment, and the 
stresses concrete recommended Chapter VIII, Section should 
not exceeded. computing the positive and negative moments 
beams and slabs continuous over several supports, due uniformly 
distributed loads, the following rules are recommended: 

(a) That for floor slabs, the bending moments center and 


wl? 


support taken for both dead and live loads, where 


represents the linear foot and the span length. 
(b) for beams, the bending moment center and sup- 
2 


port for interior spans taken and for end spans 


taken for center adjoining support, for 
both dead and live loads. 

(c) the’ case beams slabs continuous for two spans 


only, the bending ‘moment the central should 
2 


(d) the ends continuous beams, the amount negative 
moment which will developed will depend condi- 
tion restraint’ fixedness, and this will depend the 
form construction used. There will some 
restraint, and there likely considerable. Provision 
should ‘made for bending moment, but, 
its amount will depend the form construction, the 
cannot specified here, and must left the 
judgment the designer. 


7 
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For spans unusual length, more should 
made. consideration also required the case concentrated 
loads. 

Even the center the span designed for 
moment than ‘called for the negative moment the sup- 
port should not taken less than the values there given. 

Where reinforced the side, the steel 
may assumed carry its proportion stress, accordance with 
the provisions Chapter VII, Section c-6. the case cantilever 
and continuous beams, tensile and compressive reinforcement over sup- 
ports must extend sufficiently beyond the support and beyond the point 
inflection develop the requisite bond strength. 


7.—Bond Strength, and Spacing Reinforcement. 

Adequate bond strength should provided. The formula herein- 
after given for bond stresses beams for straight longitudinal bars. 
beams which portion the reinforcement bent near 
the end, the bond stress places both the straight bars and the 
bent bars will considerably greater than for all the bars straight, 
and the stress some point may several times much that 
found considering the stress uniformly distributed along the 
bar. restrained and cantilever beams, full tensile stress exists 
the reinforcing bars the support, and the bars must’ 
anchored the support sufficiently develop this stress. 

case anchorage bars, additional length bar must 
provided beyond that found the assumption uniform bond stress, 
for the reason that, before the bond resistance the end the bar 
developed, the bar may have begun slip another point, 
and “running” resistance less than the resistance before slip begins. 

Where high bond resistance required, the deformed bar suit- 
able means supplying the necessary strength; but should 
recognized that, even with deformed bar, initial slip occurs early 
loads, and that the ultimate loads obtained the usual tests for bond 
resistance may misleading. Adequate bond strength 
the length bar preferable end anchorage, but, additional 
safeguard, such anchorage may properly used special cases. 
Anchorage furnished short bends right angle less effective 
than hooks consisting turns through 180 degrees. 

The lateral spacing parallel bars should not less than three 
diameters, from center center, nor should the distance from the side 
the beam the center the nearest bar less than two diameters. 
The clear spacing between two layers bars should not less than 
The use more than two layers discouraged, unless the 
layers are tied together adequate metal connections, particularly 
and near points where bars are bent bent down. 


i 
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Tension and Shear. 


tensile stresses are If, beam not having web rein- 
forcement, these stresses exceed the tensile strength the concrete, 
failure the beam will ensue. When. web reinforcement, made 
stirrups, diagonal bars secured the longitudinal 
new but even case, the, beginning 
loading, the tension developed taken principally 
concrete, the deformations which are developed the 
mitting but little stress taken the web reinforcement. When 
the resistance the concrete diagonal tension overcome 
any point the depth the beam, greater stress once set 
the reinforcement. 

For homogeneous beams, the analytical treatment diagonal ten- 
sion not very complex—the diagonal tensile stress function the 
horizontal and vertical shearing stresses and the horizontal tensile 
stress the point considered, and intensity these three stresses 
varies from the neutral axis the remotest fiber, the intensity the 
diagonal tension will different different points the section, and 
will change with different proportionate dimensions length depth 
beam. For the composite structure reinforced concrete 
analysis the web stresses, and particularly the diagonal tensile 
stresses very complex; and when the variations due change from 
horizontal tensile stress the concrete the remotest fiber the 
presence horizontal tensile stress some point below the neutral axis 
are considered, the problem becomes more complex and indefinite. 
Under these designing, recourse had the use 
the calculated vertical shearing stress means comparing meas- 
uring the diagonal tensile stresses developed, being understood that 
the vertical shearing stress not the numerical equivalent the diago- 
nal tensile stress, and even that there not constant ratio between 
them, here the maximum vertical shearing 
stress section used the means comparison the resistance 
diagonal tensile stress developed the concrete beams not having 
web reinforcement. 

Even after the concrete has reached its limit resistance diago- 
nal tension, the beam has web reinforcement, conditions beam ac- 
tion will continue prevail, least through the compression area, and 
the web reinforcement will called resist only part the web 
stresses, experiments with beams, that safe 
practice use only two-thirds the external vertical shear making 
the stresses that come stirrups, diagonal web pieces, 
and bent-up bars, and here recommended for calculations de- 


2 
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signing that two-thirds the external taken pro- 
ducing stresses web reinforcement. 

bearing the design details web reinforcement 
not’ yet complete enough allow more than general and tentative 
recommendations made. well established, however, that ver- 
attached looped about horizontal members, inclined 
secured horizontal members such way insure 
slip, and the bending part the longitudinal reinforcement 
angle, will increase the strength beam against failure di- 
agonal and that well-designed and well-distributed web rein- 
may, under the best conditions, increase the total vertical 
shear carried value three times that obtained when the 
bars are all horizontal and web reinforcement used. Where verti- 
cal stirrups are used without being secured the longitudinal rein- 
forcement, the force transmitted between longitudinal bar and stirrup 
must not greater than can taken through the concrete, and care 
must taken provide for the larger bond stress developed the 
longitudinal bars with this construction than exists the absence 
stirrups. Sufficient bond resistance between the concrete and the stir- 
rups diagonals must provided. Where the longitudinal bars are bent 
up, the points the several bars should distributed along 
portion the length the beam such way give efficient 
web reinforcement over the portion the length the beam which 
needed. The higher resistance diagonal tension failures given 
unit frames having the stirrups and bent-up bars securely connected 
together both longitudinally and laterally worthy recognition. 
necessary that limit placed the amount shear which may be. 
allowed beam; for when web reinforcement-sufficiently efficient 
give very high web resistance used, the higher stresses the concrete 
the beam becomes checked and cracked such way endanger 
its durability well its strength. 

The section taken the critical section the calculation 
shearing stresses will generally the one having the maximum. vertical 
shear, though experiments show that the section which diagonal ten- 
sion failures occur not just support, even though the shear 
the latter point much greater. 

The longitudinal spacing stirrups diagonal members, the dis- 
tribution the points bending adjacent bent-up bars, should not 
exceed three-fourths the depth the beam. 

important that adequate bond strength anchorage pro- 
vided develop fully the assumed strength all web reinforcement. 

should noted that the tension side beam that diagonal 
tension develops critical way, and that the proper connection must 
always made between stirrups other web reinforcement and the 
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longitudinal tension reinforcement, whether the latter the lower 
side the beam its Where negative exists, 
the case near the supports continuous beam, web reinforce- 
with, the bars the top the 
tions wheré the moment positive and the tension 
bars are the bottom the beam.’ 

Inasmuch ‘as the smaller the longitudinal deformations the hori- 
zontal ‘reinforcement are, the the tendency for the formation 
diagonal cracks, beam will strengthened against diagonal tension 
failure and proportioning the horizontal reinforcement 
that the points large shear shall relatively low. 

Where pure shearing stress occurs, with 
duced, the case compression pieces, the element tension will 
not need consideration, and ‘the permissible limit the shearing stress 
will higher ‘the allowable limit when this stress used 
means comparing diagonal tensile stress. values recom- 
mended are given Chapter VIII, Working Stresses. 


9.—Columns. 

length least width exceeds and which are pro- 
vided with reinforcement one the forms hereafter 

The effective area of, the column shall the area within 
the protective defined VI, or, the 
case hooped columns columns with, structural shapes, 
shall taken the area within the hooping shapes. 

Columns may reinforced longitudinal bars, bands, hoops, 
spirals, together with longitudinal bars, structural 
themselves are sufficiently rigid act columns. The general effect 
column and its ultimate strength, but hooping has effect 
behavior the limit renders the concrete 
safer and more reliable material, and should permit the 
somewhat higher wotking effects “toughen- 
ing”, are adequately provided amount hooping, 
larger amount serving mainly increase the ultimate and 
the possible deformation before ultimate 

the forms column ‘itself, designed with caution. 


422 CONCRETE. AND REINFORCED, 
part the load. When this type column the concrete 
relied on, tie the steel units together. 
stresses unit another, The units should, 
tied together tie-plates bars, which, together, with other 
details, such should conformity with 
standard practice for structural The may exert bene- 
ficial effect in, restraining the lateral deflection, 
load carried the concrete will depend the form the 
column and the method of, construction.. Generally, percent- 
and caution should used dependence the 

The are made for the relative work- 
ing the concrete for the several types columns: 


tent. not less than and not more than 
stress recommended. for axial. Chapter 
VIII, 

(b) Columns with reinforcement bands, spirals, 

hereinafter specified: stresses 20% higher than given for 
than 
Columns reinforced with not more 
than longitudinal bars, and with bands, hoops, 
spirals, hereinafter specified: stresses 45% than 
given for provided the ratio the unsupported 
more than 


The foregoing recommendations are based the 
tions: 

Bars composing longitudinal shall and 
shall have sufficient lateral held place: until 
the: concrete 

clear spacing such hooping shall not greater than one-sixth the 
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the enclosed column, and preferably not greater than one- 
tenth, and case more than in. Hooping and 
the ends bands must such way develop their full 
and well The strength hooped columns depends very 
much the ratio length diameter hooped and 
strength due hooping decreases rapidly this ratio be- 
yond five. The working stresses recommended are for hooped columns 
with length not more than eight diameters the hooped core. 

Bending stresses due eccentric loads and lateral forces must 
provided for increasing the section until the maximum stress does 
not exceed the values above specified; and, where tension possible 
the longitudinal bars, adequate connection between the ends of. the 
bars must provided take this tension. 


10.—Reinforcing for Shrinkage and Temperature Stresses. 


When areas concrete too large expand and contract freely 
whole are exposed atmospheric conditions, the changes, form 
due shrinkage (resulting from hardening) and action 
ture are such that cracks may occur the mass, unless precautions 
are taken distribute the stresses prevent the cracks alto- 
gether, render them very small. The distance apart the cracks, 
and consequently their size, directly proportional the di- 
ameter the reinforcement and the tensile strength the concrete, 
also its bond resistance per unit surface area. most 
effective, therefore, reinforcement (in amount generally not less than 
one-third 1%) form which will develop high bond resistance 
should placed near the exposed surface and well distributed. 
The allowable size and spacing cracks depends various con- 
siderations, such the necessity for water-tightness, the importance 
appearance the surface, and the atmospheric changes. 


VIII. 


1.—General Assumptions. 


The following working stresses are recommended for static loads. 
Proper allowances for vibration and impact are added live 
loads where necessary produce equivalent static load before 
applying the unit stresses proportioning 

selecting the permissible working stress allowed con- 
should guided the working stresses usually allowed for 
other materials construction, that all structures the same 
class but composed different materials may have approximately the 
same degree safety. 
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The following recommendations allowable stresses are given 
the form the ultimate strength the particular 
concrete which used; this ultimate strength that 
veloped in. diameter and in. long the consist- 
ency described Chapter IV, (a), made and stored under 
knowledge, advance construction, just what strength may 
expected, the Committee submits the following values those 
which should obtained with materials and workmanship accord- 
ance with the recommendations this report. 

Although occasional tests may show higher results than those here 


given, the Committee recommends that these values should the maxi- 
mum used design. 


TABLE STRENGTHS DIFFERENT MIXTURES CONCRETE. 
(In Pounds per Square Inch.) 


Aggregate. 


Granite, trap rock 


2200 1 800 1 1 


Soft limestone and sandstone.............. 


variations the moduli elasticity see Chapter VIII, Section 
2.—Bearing. 

When compression applied surface concrete least 
twice the loaded area, stress the compressive strength may 
allowed. 
3.—Axial Compression. 


For concentric compression plain concrete column pier, the 
length which does not exceed diameters, 22.5% the compressive 
strength may allowed. 

For other forms columns the stresses obtained from the ratios 
given Chapter VII, Section may govern. 


4.—Compression Extreme Fiber. 

The extreme fiber stress beam, calculated the assumption 
constant modulus elasticity for concrete under working stresses, may 
allowed reach 32.5% the compressive strength. Adjacent 
the support continuous beams stresses 15% higher may used. 


and Diagonal Tension. 

beams which the maximum shearing stress 
section used the means measuring the resistance diagonal 
tension stress, the following allowable values for the maximum 
shearing stress are recommended: 


1400 

1300 

200 1000 

500 400 
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(a) For beams with horizontal bars only and without web reinforce- 
ment calculated the method given the Appendix, Formula (22): 
the compressive strength. 

(b) For beams thoroughly reinforced with web reinforcement: the 
value the shearing stress for (that is, using the 
total external vertical shear Formula (22) for shearing unit stress), 
must not exceed the compressive strength. The web reinforce- 
ment, exclusive bent-up bars, case, shall proportioned 
resist two-thirds the external vertical shear the formulas given 
the Appendix, Formulas (24) (25). 

(c) For beams which the longitudinal reinforcement 
used the form bent-up bars distributed over portion the beam 
way covering the requirements type web reinforcement: 
the limit maximum vertical shearing stress (the stress calculated 
for a), the compressive strength. 

(d) Where punching shear occurs, that is, shearing stress uncom- 
bined with compression normal the shearing surface, and with all 
tension normal the shearing plane provided for reinforcement: 
shearing stress the compressive strength may allowed. 


6.—Bond. 


The bond stress between concrete and plain reinforcing bars may 
assumed the compressive strength, the case drawn 
wire, 


The tensile compressive strength steel should not exceed 
per sq. in. 

structural steel members, the working stresses adopted the 
American Railway Engineering Association are recommended. 


8.—Modulus Elasticity. 


The value the modulus elasticity concrete has wide range, 
depending the materials used, the age, the range stresses between 
that computations for the position the neutral axis and for the 
resisting moment beams and for the compression concrete col- 
umns assumed as: 


(a) One-fifteenth that steel, when the strength the 
taken 200 per. sq. in. less. 

(b) One-twelfth that steel, when the strength the con- 
crete taken greater than per sq. less 
than 900 per sq. in., and 

(c) One-tenth that steel, when the strength the concrete 
taken greater than 900 per sq. in. 
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Although: not rigorously accurate, these assumptions will give safe 
For the deflection beams which are free move longitudi- 
nally the supports, using formulas for deflection which not take 
into the tensile strength developed the concrete, modulus 


Respectfully submitted, 


Worcester, Chairman, 

Vice-Chairman, 

Horr, 


1912. 
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IX. 


1.—Standard Specifications, 
(a) Cement.* 


GENERAL OBSERVATIONS, 


been prepared with view pointing out 
the pertinent features the various requirements and the precautions 
observed: the,interpretation the results the tests, 

under these specifications made experienced, per- 
son the means for making the tests. 


SPECIFIC 


tests. are not necessarily conclusive indica- 
tion the quality but when combination, with, the 
results other afford valuable indications. 


FINENESS. 
sieves should kept thoroughly dry. 


TIME SETTING. 


care should exercised maintain the test pieces ander 
uniform possible. sudden change wide range 
temperature the room which the tests are made, very 
humid atmosphere, and other irregularities, vitally affect the rate 
setting. 
CONSTANCY VOLUME. 


6.—The tests for constancy divided into two classes, 
the first normal, the second accelerated, The latter should regarded 
precautionary test only, and not infallible. many conditions en- 
ter into the making and interpreting that should used with 
extreme care. 

initial strains due drying-out during the 
first hours. The pats should preserved under the most uniform 
avoided. 
8.—The failure meet the requirements the accelerated need 
not sufficient cause for rejection. The cement, however, may held 
for days, and retest made the end that period, using new 
sidered sufficient rejection, although the present state our 


Adopted August 16th; 1909, the American Society for Testing Materials. 
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knowledge cannot said that such failure necessarily indicates un- 
soundness, nor can the cement considered entirely satisfactory simply 
because passes the 


GENERAL 

All cement shall inspected. 

the 

allow ample time for testing, the ce- 
ment should stored suitable weather-tight building having the 
floor properly blocked raised from the ground. 

The cement shall stored such manner permit easy 
access for proper inspection and identification each shipment. 

Every facility shall provided the contractor, and period 
least days allowed for the inspection and necessary tests. 

Cement delivered suitable packages, with the brand 
and name manufacturer plainly marked thereon. 

bag cement shall contain cement Each bar- 
rel Portland cement shall contain bags, and each barrel natural 
cement shall contain bags the above net weight. 

Cement failing meet the 7-day requirements may held 
awaiting the results the 28-day tests before rejection. 

All tests shall made accordance with the methods proposed 


the Special Uniform Tests Cement the Ameri- 
can Civil Engineers, presented the Society January 
‘17th, 1912, with all subsequent amendments thereto. 

10. The acceptance shall based the following 
requirements: 


Definition.—This term shall applied the finely pulverized 
product resulting from the calcination argillaceous limestone 
temperature only sufficient drive off the carbonic acid gas. 


FINENESS. 


12. shall leave weight residue not more than 10% the 
and the No. 200 sieve. 
shall not initial set less than min., shall 
not develop hard set less than min., more than 


TENSILE 
14. The minimum requirements for tensile for briquettes 
sq. in. shall'be follows, and shall show 
retrogression within the periods specified: 


REPORT COMMITTEE CONCRETE AND REINFORCED 429 


Age: Neat Cement. Strength. 
days day moist air, days water).............. 150 


One Cement, Three Parts Standard Ottawa Sand. 


days day moist air, days water)............. 125 


CONSTANCY 


15. Pats neat cement about in. diameter, in, thick the 
center, tapering thin edge, shall kept moist air for period 
hours. 

(a) pat then kept air normal temperature. 

(b) Another kept water maintained near 70° Fahr. 

practicable, 

16, These pats are observed. intervals for and, 
pass the tests satisfactorily, should remain firm and hard and show 
signs distortion, checking, cracking, disintegrating. 


CEMENT. 


17. term applied the finely pulverized prod- 
uct resulting from the calcination incipient fusion intimate 
mixture properly proportioned argillaceous and calcareous materials, 
and which greater than has been made subsequent 
calcination. 
SPECIFIC GRAVITY. 


18. The specific gravity cement shall not less 
Should the test cement received fall below 
second test may made sample ignited low red heat. The 
loss weight the ignited cement shall not exceed per cent. 


FINENESS. 


19. shall leave weight residue not more.than 
the No. 100, and not more than 25% the No. 200 sieve. 


TIME SETTING, 


20. shall not develop initial set less than and must, 
set not less than hour, than hours. 


TENSILE STRENGTH. 


21. The minimum requirements for tensile strength for 
retrogression strength within the periods 
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Age. Neat Cement. Strength. 

One Part Cement, Three Parts Standard Ottawa Sand. 


days day moist air, days water).............. 200 
CONSTANCY VOLUME. 

22. Pats neat about in. diameter, in. thick 
the center, and tapering thin edge, shall kept moist air 
for period hours. 

(a) pat then kept air normal temperature and 

intervals for least days. 

(b) Another pat kept water maintained near 70° 

practicable, and observed intervals for least days. 

(c) third pat exposed any convenient way atmosphere 

steam, above boiling water, closed for 

23. These pats, pass the requirements satisfactorily, shall re- 
main firm and hard, and show signs distortion, checking, crack- 
ing, disintegrating. 


SULPHURIC ACID AND MAGNESIA, 


cement shall not contain more than 
sulphuric acid nor more than magnesia 
(b) Metal Reinforcement.* 

6.—Steel shall made the open-hearth process. ma- 
terial will not accepted. 

7.—Plates and shapes used for reinforcement shall structural 
steel only. Bars and wire may structural steel high-carbon 
steel. 

8.—The chemical and physical properties shall conform the fol- 
lowing limits: 


Elements Considered. Structural High-Carbon Steel. 


000 


Pounds, per square inc 


Ult. tensile strength. Ult. tensile strength. 
Cold bends without fracture 180° flat 180° 


Adopted March 16th, 1910, the American Railwa Engineering 
having a diameter four times the thickness of the specimen.” ; 
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yield point for bars and wire, indicated the drop 
the beam, shall not less than 60% the ultimate tensile strength. 

the ultimate strength varies more than for struc- 
tural steel lb. for high-carbon steel, retest shall 
the same gauge, which, acceptable, shall within 5000 lb. for 
structural steel, high-carbon steel, desired 
ultimate. 

determinations the percentages carbon, 
phorus, sulphur, and manganese shall made the manufacturer 
from test ingot taken the time the pouring each melt 
steel, and correct such analysis shall furnished the 
engineer his inspector. Check analyses shall made from finished 
required limits will allowed. 

Shapes, and for tensile and bending 
tests for plates and shapes shall made cutting, from the finished 
product, coupons which shall have both faces rolled and both edges 


| 


Fie. 1.—Tensiton Test 


milled the form shown Fig. with both edges parallel; 
they may turned diameter in. with enlarged ends. 
shall tested their finished form. 
14.—At least one tensile and one bending test shall made from 
each melt steel rolled. case steel differing in. and more 
thickness rolled from one melt, test shall made from the thickest 
and thinnest material rolled. 
15.—For material less than in. and more than thickness 
the following modifications will allowed the requirements for 
elongation: 
For each in. thickness below in., deduction 
will allowed from the specified percentage. 
(b) For each in. thickness above in., deduction 
will allowed from the specified percentage. 
16.—Bending tests may made pressure blows. Shapes 
and bars less than in. thick shall bend called for Paragraph 
specimens in. thick and greater cold 180° 
around pin, the diameter which, for structural steel, twice the 


” 
~ | 
14” | + 
} ! 2 
| 1 < 
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thickness the specimen, and for high-carbon steel, six times the 
thickness without fracture the outside the bend. 

material shall free from injurious seams, flaws, 
cracks, defective edges, other and have sniooth, uniform, 
and workmanlike finish. 

19.—Every finished piece steel shall have the melt and 
the name the manufacturer stamped rolled it, except that bar 
steel and other small parts may bundled; with the above marks 
metal tag. 

20.—Material which, subsequent the above tests the mills, 
and its acceptance there, develops weak spots, brittleness, cracks, 
other imperfections, found have.injurious defects, re- 
jected, and shall replaced the manufacturer his own cost. 
21.—All reinforcing steel shall free from excessive rust, loose 


scale, other coatings any character would reduce destroy 
the bond. 


Formulas for Reinforced Concrete Construction. 


These formulas are based the assumptions and principles given 
the chapter design. 


(a) Standard Notation. 


Beams. 
The following notation 
tensile unit stress steel, 
compressive unit stress concrete, 
moment resistance, bending moment general, 
steel area, 
breadth beam, 
depth of. beam center steel, 
ratio depth neutral axis effective depth 
depth resultant compression below top, 
ratio lever arm resisting couple depth 
steel ratio (not percentage). 


flange, 
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Reinforced for Compression. 


steel ratio for compressive steel, 

compressive unit stress steel, 

total compressive stress concrete, 

depth center compressive steel, 


4.—Shear and Bond. 


total shear, 

shearing unit stress, 

bond stress per unit area bar, 

circumference perimeter bar, 
sum the perimeters all bars. 


5.—Columns. 

total net area, 

area longitudinal steel, 


total safe load. 


(b) Formulas. 


Beams. 


Position neutral axis, 


Arm resisting couple, 


| 
Fie, 2. 
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Fiber stresses, 


Steel ratio, for balanced 


p= 


Case When the neutral lies the flange. 
Use the formulas for rectangular beams. 


Case When the neutral axis lies the stem. 


The following formulas neglect the compression the stem: 
Position neutral axis, 
Position resultant compression, 


Arm resisting couple, 


Fiber stresses, 


(For approximate formulas for rectangular beams may 
used.) 


The following formulas take into compression the 
stem; they are recommended where the flange small compared with 
the stem: 

Position neutral axis, 


Position compression, 

- 9 

couple, 

Fiber stresses, 
(14) 

Mkd 


Reinforced for Compression. 


Position neutral axis, 


Position. compression, 


i Fie, 4. 
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Arm resisting couple, 
Fiber stresses, 


4.—Shear, Bond, and Web Reinforcement. 

the following formulas, refers only the bars, constituting 
the tension reinforcement the section question, and the lever 
arm the resisting couple the section. 

For rectangular beams, 


(For approximate results, may taken 


The stresses web reinforcement may estimated the following 
formulas: 
Vertical web reinforcement, 


Web reinforcement inclined 45° (not bent-up bars), 


total shear assumed carried the reinforcement, and horizontal 
spacing the reinforcing members. 

The same formulas apply beams reinforced for compression 
regards shear and bond stress for tensile steel. 

For T-beams, 


(For approximate results, may taken 


Ri 
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Total safe load, 
Unit stresses, 


al 
+? 
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THE EFFECT SATURATION THE STRENGTH 
CONCRETE.* 


The paucity recorded information concerning the treatment 
concrete specimens, with regard moisture conditions during their 
storage while awaiting the test for strength, seems indicate gen- 
eral supposition that this feature has considerable effect results. 
Apparently corroborating this attitude the statement the recent 
report the Special Committee Concrete and Reinforced Concrete, 
which, while specifying the exact dimensions, mixing, consistency, 
age, test specimens, the only requirement designed control 
moisture treatment during their curing seems that they shall 
“stored under laboratory conditions.” the purpose this paper 
invite attention, not only the great importance specifying and 
standardizing the moisture treatment specimens intended for test- 
ing, but also the further fact that similar conditions, they act 
the finished structures, will affect their strength considerably, and 
therefore should considered specifying the proper unit stresses. 
evident that this factor should not ignored when great varia- 
tions strength, amount perhaps 50% above below mean 
value, result from differences moisture conditions. 


Presented the meeting November Sih, 
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During the years this quéstion; ‘at times, been the sub- 
ject investigation in'the Washington University Testing Laboratory. 
Different features have been éxplored 
graduation Messrs. Feinberg, Harris, 
Start, Bank, Caplan, Bryan, and Although these tests leave 
the greater part the field still untouched, the writer the 
results thus far obtained definite their showing decided 
influence moisture conditions strength, and significant their 
general indications, that offers this summarized statement ex- 
perimental results the Engineering Profession for its consideration. 

The most important part the investigation that the effect, 
the compressive strength concrete, produced varying sys- 
tematically the relative length time exposure air and water. 

The test specimens were cylindrical, in. diameter and in. 
high. The materials were: standard brand Portland cement which 
fulfilled thoroughly\all the requirements the standard specifications; 
clean sand good quality, weighing about 100 Ib. per cu. ft. when 
dry, and having 86% voids; and washed river gravel the same 
weight, varying diameter from quite in., and having 
33% voids. The proportions the 1:2:4, volume; 


the mixing was done thoroughly the quantity water 


used was such give moderately wet consistency, which allowed 
thorough compacting stirring with iron rod and.a slight tamp- 
ing. All details fabrication, curing, and testing were planned 
secure such complete uniformity practicable obtain 
all regards except the one for which the controlled variation formed the 
particular purpose the experimental study. 

The cylinders were removed from the moulds when days old, 
and were tested age weeks. The intervening days con- 
stituted the period which the duration their immersion water 
was varied systematically from nothing the full time. The average 
results the 240 tests thus made are plotted the diagram, Fig. 
which the represent that number days (after the days 
the moulds and the time exposure air) during which each set 
specimens was placed water before crushing them; and the 
ordinates give the percentage strength which each set immersed 
(standing water for number days) was 
found have, taking the compressive strength the specimens 
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from.the same mix 100 per cent, Thus, the repre- 
sented the basis comparison, those which were immersed 
all; those specimens which were cured air ordinary humidity 
days and then immersed for/8 days are shown the black cirele 
86% strong the air-cured concrete; those air days 


STRENGTH 


DAYS WATER 


Fre. 
and therefore finally, cured water for days have gained 
strength and those submerged for the entire days exhibited 


compressive strength fully 50% greater than that the air- 


Some other ments have also shown that concrete aged entirely water cop- 
siderably stronger than when left continuously air, reported Rafter, Withey, and 
the Watertown Arsenal. 
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average curve for the plotted points been full 
line, showing the systematic increase strength the time sub- 
mergence lengthened beyond days; but exists the significant 
fact that specimens, the dimensions used, decrease rapidly strength 
when stored air for (or more) days and then placed water for 
the remaining days (or less). This particular feature the rapid 
loss strength first exposure water, and the active but. slower 
recovery strength soaking continued; required multiplication 
tests determine satisfactorily the locus the curve this region; 
and consequently ‘more than half the were concentrated 
this descending and adjacent rising portion the plot. 

thus appears that the compressive strength concrete exposed 
only air may reduced nearly 40% when saturated with water, 
but that this loss actively regained the treatment continued. 
The word saturation used because the minimum strength 
was found coincide practically with the length time required for 
water penetrate the middle the Very plainly, this 
loss strength has the percentage contained moisture, 
not only regainéd but much exceeded the saturation 
tinued long enough. the reduction strength’ purely 
temporary physical phenomenon which gradually counteracted and 
finally dominated continued saturation. permitting the imperfectly 
developed chemical processes hardening proceed this 
true, concrete would regain something more. than original strength 
dried soon completely saturated, but this value would 
less than that attainable continuance the water treatment; 
also repetition soaking after such experience again tempo- 
rarily reduce the strength, but less than before, These questions, 
well others, such the duration necessary to. pre- 
vent the temporary relapse strength described, the corresponding 
effects other periods treatment similar that discussed, al- 


ternating the exposure air and water, the result different dimen- 
sions, proportions, materials, etc., all offer large, interesting, and 
fruitful field for investigation. 

series experiments the factors affecting the strength 
bond between concrete and embedded steel, tests were made de- 
termine whether there existed the same tendency rapid weakening 
first and following strength when the dry specimens 


already and the test specimens were partly of, the notched 
beam type transversely, loaded, of. cylindrical-form which 
the rod was pulled embedding concrete. All care. was, used 
clearly, for both plain and deformed bars, that the bond strength values, 
rapidly after saturation is, com- 
plete, as-is the with the although the average 
minimum observed was only about 75% that the specimens cured 
greatest weakening bond produced immersion age weeks 
somewhat perhaps additional intermediate periods 
soaking would have further reduction strength: 
similar behavior characterizes the bond values obtained dur- 
ing the ‘first few days saturation. 

beams made such dimensions and amount 
longitudinal (without any web reinforcement whatever) 
that failure would always the the web 
tension the materials were the same: quality 
those already and equal precautions were taken secure 
reliable results. These were also tested age weeks, 
but the small number ‘the investigation 
sion detect only the early loss web strength and 
its subsequent increasing value, without tracing 
lengthening periods exposure water the limit 
days. The effect again the same, the lowest average 
found being again practically three-fourths the strength the 
cured specimens. may that, this case also, the value 
was not detected. 

determine any change due age elastic properties, has been dis- 
cussed previously the writer.* may reference thereto, 
that the modulus elasticity these old prisms exhibited prac- 
tically constant value throughout the repeated loadings equal the 
maximum before found, which was about 80% greater than the final 


Transactions, Soc, E., Vol, pp. 
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constant value for prisms ordinary value 
two specimens ‘were until satu- 
rated and then carefully tested; the resulting modulus 
specimens when This lowering: only the 
produced soon the saturation complete; and has refer- 
certain other where the figures 

the various strength values dry concrete are temporarily re- 
duced from 40% saturation, would seem that this fact should 
given definite consideration working stresses used 
the design which may ‘be exposed; else conditions 
such concrete constantly’ under water 
above and therefore exposed’ dry air time and then 
heavy other source rapid presents conditions 
under which this reduction strength exists temporarily. Fortunately, 
the remedy and inexpensive. keep the exposed ma- 
terial wet until its enclosure exterior walls and roof 
‘saturation rain impossible. The case parts not thus 
those for which enclosure delayed, not simple; 
saturation which will make the con- 
against reduction strength uncertain. The 
stematic wetting concrete well-known principle good con- 
struction; but the writer’s observation and experience suggest very 
considerable tendency regard that procedure abstractly correct, 
but practically rather specious trivial. One purpose this paper 
the facts such way that the frequent, thorough, and 
faithful wetting all parts such concrete structures shall hence- 
forth more ignored than now the protection from freezing 
disturbance while setting. Probably this treatment should continued 
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for greater than that heretofore in- 
dicated—perhaps for expressed weeks instead days. 

result evidently, this temporary weakening con- 
crete saturation covered the factor safety required 
practice, the only fault; but the materials 
below: standard, may defective; 
the encroach the reserve safety, the occasional 
overload: may imposed; and the material man, the construction 
superintendent, the designer, and the user structure 
rely the others meet fully the requirements, the expectation 
his delinqueney will safely covered the factor safety, 
not require impossible coincidence such conditions 
tions from the strength values, which form the basis design, 
necessarily exist different parts the fact, the failures 
which have occurred are generally contributing 
causes. writer believes that the considerable produced 
factor all those instances which there was active wetting dry 
partly dry concrete when subjected essential stresses, 

This general proposition furnishes one more evidence the re- 
markable responsiveness concrete variations its treatment. The 
fact that differences control (which the average artisan are seem- 
ingly unimportant) actually exert positiye influence its essen- 
tial characteristics, constitutes warning against entrusting 
the uncertainties irresponsible, skeptical supervision, and 
assures ample reward for competent control which 
adapted develop its capabilities. The susceptibility steel the 
influence phosphorus and sulphur, details its heat treatment, 
and other conditions occurring the process its manufacture, 
resulted restricting its production the scrutiny expert 
superintendence. Equal reason exists for, and 
vantages will follow, thoroughly discriminating control both the 
initial fabrication concrete, and the details treatment during its 
hardening, order realize the great inherent this 
newer material. 
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The treatment steel always comes from the 
rolls, shown such effects the changes strength produced 
the cold-twisting steel rods; much more important relation 
the resulting quality concrete the nature its treatment after 
fabrication, both because its attainment strength relatively 
and for the reason. that the nature the conditions 
provided during this. period .affects the development its 
essential properties. 

The notable responsiveness conerete the character its treat- 
ment direct appeal for thoroughly trustworthy and expert control. 


i 


Mr. 
Moritz. 
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DISCUSSION 


recalls some experiments conducted the writer 1904 and 1905 
the University and published 1906.* was be- 
lieved writer that time that concrete stored water before 
testing than when air for same period 
time, and was much surprised then, and has more surprised 
since, that this point.has not been generally 
for test pieces. 

The writer’s experiments were very limited, and were inci- 
dental some tests large beams, but the results show forcibly 
the difference strength concrete specimens stored water and 
those stored air that thought worth while publish them 
again connection with Mr. Van Ornum’s paper. The figures 
Table are taken from page 364 the Bulletin mentioned. The 
figures the last column are the reciprocals those the Bulletin, 
and are given order make them directly comparable with Mr. 
Van Ornum’s figures. 


TABLE 


Stress 
Proportions of concrete. Ratio, 2 

450 1170 1.28 

2720 1 420 1.92 

060 600 1.28 

2 560 1310 1.96 

560 290 2.00 

620 1.70 

950 990 1.96 

1 620 950 1.70 

1180 780 1.51 

520 020 1.49 

1610 050 1.54 


| 


All compression tests were made with 4-in. cubes, and the age 
days. The cubes were taken from the moulds the age 
hours, after which one from each batch was stored air 
temperature about 65°, and the other stored water until tested. 
The concrete was mixed moderately wet—not sloppy. All materials 
were proportioned weight and mixed hand. Natural pit sand 
and crushed limestone formed the 
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brought’ out manner the possible loss strength 
saturation after premature drying, and, the same time, 
weeks. This series tests furnishes ample evidence the 
sity standardizing the method curing specimens for compres- 
sion tests the laboratory, and may for appreciable part 
the often noticed the results experiments 
made different laboratories. also shows that yielding the 
temptation allow conerete actual construction dry out 
rapidly possible, one’ runs the risk permanently losing ‘very 
material proportion the strength which might’ even 
though, its location within there the 
loss strength through subsequent saturation. Builders aré 
hasten this drying out, and likely the ill 
effect this practice. 

seems treatment which the test specimens 
were subjected was produce unusually rapid drying out, 
and that the strength tested without subsequent immersion, 
taken 100 the scale relative strengths, must have been rather 
lower than would naturally expected quality concrete. 
so, the later gain strength after continuous easily 
explained. The author, perhaps, will give 
point. 

The temporary loss strength immersion appears the writer 
analogous the loss strength dried clay: when 
soaked. some the cement was dried out.so rapidly 
that acquired strength from drying and not erys- 
outside wall while the interior still dark, moist, 
common phenomenon. this the true explanation, the writer 
the diseussion will bring out better one. 

Although the report Special Committee Concrete and 
Reinforced Concrete does not elaborate the dangers too rapid dry- 
mendation, apparently overlooked author, that “The faces. 
concrete exposed premature drying should kept wet for period 
have been the effect the author’s experiments this initial treat- 
ment. 

actual construction seems probable that generally better 
chance for exists than was given these specimens. 
in. diameter high, removed from the mould 
days and exposed air ordinary humidity, would present 


Mr. 
Worcester. 


Mr. 
Worcester; 


Mr. 
Wheeler. 


Mr. 
Richardson. 
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large surface the effect evaporation, and would out very 
rapidly. The assuming the cylinders 
floor offer the largest exposed surface per unit volume 
of. any this case, with thickness 
in,, the exposed area only ft. for every cubic foot. 
volume, and, the surface ,were kept wet for days, should 
be, the chance for drying out would less the, test 
appears, therefore, that, though the danger 
from saturation unlikely prove serious in. practice, 


noticed that finished structures new concrete appears 
lose part its strength when first submerged water. For example, 
has just completed some construction which the proportion was 
part cement parts sand, volume. When days old, the 
this structure was submerged depth about ft. Before 
submersion, was noted that, pressing with the 
corners and edges the structure, the concrete could broken quite 
easily, and that for several days after submersion could broken 
more easily; fact, for few days, that the structure had 
only enough strength hold together. 

expected, and nothing but charge dynamite could mar 
were the placing was done: according 
standard practice. 


sions arrived Mr. Van Ornum can confirmed the experience 
the writer, who, however, would farther and state that reversal 
the which has experimented would result 
diminution the strength the concrete; that say, that 
crete which has been immersed for some time loses strength 
will eonduct some experiments this well 
erete may take Mr. Van Ornum’s paper is. valuable, brings 
sufficiently ‘appreciated the ‘past, has known, 
way, most engineers. 

and appreciates Professor Van Ornum’s experimental inquiry. 
their underlying properties and nature. This knowledge 


Mr. 
Hatt 
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elaborate and extensive empirical tests, mechani- 
cally planned and performed; which add the compiler 
and the accumulation débris carried along 
and handbooks from one generation 

Professor Van Ornum has failed justice tests, that 
chosen not ‘accept the standards imposed experi- 
menters upon themselves with respect 
the Every one knows that different persons may derive con- 
flicting conclusions from the same data when the full circumstances 
are known. the case this paper, must accept reject de- 
ductions respect important fundamental matter the basis 
of.a single The writer does not desire understood 
saying that, the diagram, with points and ‘curve, 
not the only expression law data which 
are not published, but expresses the wish ‘that he, with others, 
might review the experimental facts independently. could also 
learned from report the measurements and 
sets. Only partial view obtained from the compressive strength 
alone. 


TABLE 2.—DEFLECTION REINFORCED CONCRETE BEAMS UNDER 
REPEATED LOADINGS. 


and Set, Inches. 


c= 
8 000 2 400 1 0.025 | 0.005 1 0.025 | ...... 0.130 0.06 0.050 
710 0.085 | 0.005 0.210 
8 000 5 200 1 0.070 | 0.010 1 0.070 | 0.010} 0.160 0.13 0.08 
500} 06.170 | 0.060) 500 0.140) 0.050 
16 000 6 750 1 0.210 | 0.060 1 0.180 | 0.060 | 0.200" 0.14 
700 0.260 | 0.100 | 450 0.240 | 0.080 
0.300 | 0.100 1 0.270 | 0,080 | 0.490 0.86 0.21 
0.310 | 0.120 |} 620 0.290 


* Two months. 


1906-07 the writer conducted investigation the effect 
the time element loading reinforced concrete Table 
from that source, shows constantly increasing deflection under con- 


the Effect Time Element in. Loading Reinforced Conerete 
Transactions, Am. Soc. for Testing Materials, Vol. VII, 1907. 


more likely gained investigations the character described Mr. 


i 
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Mr. tinued load such beams, and also that repeated application 


load produces permanent. deflection and set without affecting 
view, these facts expressed plasticity concrete. 

these cases the results could hardly explained the effect 
water softening the concrete, reported Van 
The beams were outdoors, were: protected from rain 
platform, and were tested under repetitive loads the laboratory. 

arriving final view, some help from the behavior 
of. other materials.. The writer noted analogy between ‘the 
behavior concrete and wood with respect the effects 
conditions 

any material, one should know the the following 
the strength and, deformation, both elastic 

and steady loads; 

(2). Moisture 

(3). Temperature material under (1). 


(1). Wood exhibits increasing deformation and set under, loads 
which are continued over periods days and weeks, and the final load 
not affected precedent sets. Mr. Tiemann has investigated 
this matter exhaustively.* cement concrete. also possesses; 
this property. 

the speed the increased, wood exhibits 
higher elastic limit, under impact, may double the static 
elastic limit. evidently affected the time-rate the applica- 

The final strength both and concrete appears un- 
affected plastic changes which produce set. 

(2). Wood more plastic when the wood substance con- 
tains more water. strong and stiff when dry, 
flexible when Qmitting the difference the chemical action 
proceeding when water, appears from Professor 
Van Ornum’s paper that concrete becomes weak with 
water. His deformation measurements, reported, might show 
whether not the modulus elasticity ‘was correspondingly decreased. 

After wood dried out moisture removed, 
nearly resumes its original properties. Van sug- 
gests that concrete would regain more original 
strength dried out. after being completely saturated. 


*A report of part of his A iat will be found in Transactions, Am. Soc. for 
Testing Materials, Vol, IX (1909). 534, ‘‘ Some Results of Dead Load Bending Tests of 


Timber by Means‘of a Recording Deflectometer: and Vol, VIII (1908), p. 541, ** The Effect 
Spee 
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(3). data are known the writer show conclusively the mr. 
Hatt. 
effect temperature the strength and deformation either wood 
concrete. 

The foregoing discussion indicates that the binding 
wood and concrete exhibits marked plasticity, not alone 
continued loadings low stress, and that this substance temporarily 
affected the absorption water. 

Leaving the field the writer’s knowledge, would the 
liberty referring the views others who the hardening 
concrete phenomenon colloidal action, and the statement 
those wise the knowledge wood substance colloidal 
binds wood structure this so, might 
expect, from colloids, that concrete and wood would 
show the noticed plasticity under long-continued the noticed 
effect moisture the strength; both should difference 
behavior under quickly applied loads; their should 
affected more brittle at. low tempera- 
tures. The writer may pardoned for sketching this uncertain field. 

Do, not the author’s results bear out the common view workers 
concrete that some part the hardening the concrete floor 
building under construction when exposed the drying conditions 
the atmosphere due this “drying out”, irrespective tempera- 
The writer has noticed the rapid gain in, concrete 
specimens shipped the laboratory tin forms after the latter had 
been concrete taken. from building failures 
This is.no doubt due.to hastened chemical action consequent the 
inereased temperature, but the process drying out 
analogous that prevailing wooden Professor Van Ornum 

“In fact, the failures which Have occurred are generally 
several such contributing causes. writer believes that the, con- 
siderable weakening produced the saturation has 
invariably. been contributing factor all those instances which 


there was active wetting dry partly dry concrete when sub- 
jected essential stresses.” 


tain 6-in, made the field yielded very 
crushed, breaking low 500 per sq. in. 

which was standard Portland and the sand, which 
was Jersey bank sand, were suspected and retested, but were 
The concrete. was edges easily rubbed off 
with the thumb—and was very absorbent. Tensile test briquettes 
the the same time the cubes, tested 


Mr. 
Van Ornum. 
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low days. Some broken pieces partly immersed water 
observe their absorption were noticed after few days have con- 
siderably higher tenacity. Similar experiences other work later, 
and also some experiments, made clear that premature setting and 
drying out prevents from properly ripening. 

The trouble appears hot weather, when all the materials have 
been heated exposure the sun, and perhaps when, 
quick-setting cement used. When concrete found deficient 
strength because premature drying out, continued saturation with 
water will increase its strength, but will probably not raise the 
normal point unless the saturation continued for long time. 

evident that concrete wants its moisture and time together. 

order uniform conditions treatment test cubes; 
rule has been adopted for all inspectors bury each 
earth soon removed from the mould, and keep there 
until sent the testing laboratory crushed. 

note the several instances cited showing the marked change 
strength which results from saturating concrete which has been’ pre- 
viously exposed air. Undoubtedly there are many others, that have 
not been reported, which would indicate the same general tendency. 
course, the proportionate loss strength occurring when air- 
cured concrete saturated would depend multiplicity existing 
conditions, some which have been referred to. One these 
the relatively large area surface compared volume the 
specimens, noted Mr. Worcester. would seem probable, how- 
ever, that the difference loss strength between the 
structures and that the experiments would not nearly great 
suggested those comparative differences, because there 
partly compensating fact that structural members are generally exposed 
during construction the drying effect breezes and often direct 
sunlight and dry air, while the specimens were small closed 
room which the air was comparatively moist. If, the contrary, 
“the surface were kept wet for days,” believed that large part 
the loss saturation would avoided. 

With regard the values deformations and sets, which Professor 
Hatt assumes were withheld, can only stated that circumstances 
prevented their determination connection with the tests reported. 
The only additional information pertinent the subject, which can 
added, has reference the suggestion Mr. Worcester, that the 
actual strength the specimens cured entirely air “must have 
been rather lower than would naturally expected this quality 
concrete.” prisms averaged 1760 per in. 
Though this about one-tenth less than the compressive strength that 
may fairly expected good laboratory specimens these materials 


Mr. 
Quimby. 
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and proportions, they were actually somewhat stronger than the average 
large number test prisms similar concrete used building 
construction, -and supposedly treated corre- 
sponding that given the material the structures. 

The writer hesitated publish the paper all, because the 
many supplementary questions remaining for investigation, the de- 
termination which necessary for complete understanding the 
phenomena Nevertheless, that the field fur- 
ther research would made more definite and available others 
presented the preliminary results already given. course, other 
percentage values will result from different experimental details, and 
the curve itself may varied considerably the same way. Yet 
believed that the broad, general fact significant loss the 
strength dry concrete when suddenly saturated and its gradual in- 
crease final. value considerably than the orig- 
inal one, when the saturation prolonged, reality which should 
definitely recognized dealing with this important engineering 
material. 


Mr. 
Van Ornum. 
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PIERS THE ATLANTIC SEABOARD.* 


THE INVESTIGATION. 


the Atlantic Seaboard from Maine Florida there are four 
harbors which contain ports importance where coal discharged 
directly from commercial coal piers into the hatches vessels. These 
harbors are New York, Philadelphia, Baltimore, and Norfolk. 


There are ports, embracing coaling plants, New York Harbor; 
under construction Philadelphia Harbor; 
ports, embracing coaling plants, Baltimore Harbor; 
under construction Norfolk Harbor; 


making total ports, embracing plants operation and 
under construction. addition, the construction new plants, 
Baltimore, Philadelphia, and New York, under consideration 
the present time. 


During the summer 1912 the writer was retained report 
the facilities these plants. With the assistance his staff, each 
plant was examined, and investigations were made concerning its out- 
put, capacity, cargoes, type, tracks, grades, equipment, construction, 
and operation. With the consent his client, the writer submits the 


* Presented at the meeting of December 3d, 1913. 


COAL PIERS THE ATLANTIC SEABOARD 455 


substanee his investigations, with the the information 
collated interest the members the Society and value 
those concerned the delivery’ vessels. 


The principal data connection with these piers are given Tables 
and wherein the discharge the maximum estimated capacity. 


The and foreign shipments coal from the various har- 
bors during 1911 are given Table 

Assuming that, average, car contains tons coal, the 
tonnage Table indicates that about 1050000 cars were unloaded 
into boats various kinds 1911 from all the coaling ports. 

The maximum capacities the plants are given Tables 
and, general rule, are based the largest number cars handled 
any one day, under cargoes and deliveries. 
The average capacities are based the deliveries obtained under 
ordinary conditions, where there more less delay due the 
number and various sizes and kinds cargoes, and two- 
thirds the maximum capacities. 

During any the past years, the ratio the actual maximum 
output the estimated maximum capacities, indicated Tables 

51% New York Harbor; 
Philadelphia Harbor; 
31% Baltimore Harbor; 
30% Norfolk Harbor. 


all the had worked average estimated 
they could have discharged their output 1911 the following times: 


New York Harbor 
Philadelphia Harbor 
Baltimore Harbor 
Norfolk Harbor ... 


will noted that New York Harbor the maximum output 
for any one the past years developed 51% the maximum esti- 
mated capacity, and Philadelphia, Baltimore, and Norfolk only deliv- 
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almost run cargoes varying 3500 tons, for 
local consumption, and in. other local. from 


and less frequency. 


TABLE 


Railway operator. Location. Type. 


Loco. 


“ 


“ 


“ 


Power 


*Maximum capacity pier 140 cars 


aur | 
Grade and 
“ A 
A6 
Grade, 
| | 


piers, the percentages coal furnished each the roads serving 
would about given Table 

From the that the actual annual output these ports repre- 
sents -only from 141 222 working days under average capacity 
for the four harbors, may reasonably inferred that the existing 


Prers IN. NEW HARBOR, 


PERCENTAGE. 


Year. built, 


Length, feet. 


we 
wwe 


SE: 


j | 
‘ } Cars per: | 
16 | 200] .... | 200 
280 | 280 
1 100*| 200*| 3800 
2B} 120 120 
20 160 | .... 160 
20 140 | .... 140 
16 cces 60 
(| ee 160 160 
36 | .... 180 180 
10 80 
24 190 10 | 200 
A 21 250 | .... 250 
onc] lee 14 200 | .... 200 
BI ive 6 20 100 120 
| | 1750} 30 20 .... 300 | 300 
1| .. |1200| 38 5 | 20 
2 | 1280) 1 200 
.... 5 18 10 10 
1.080") 36 $2; 160/|.... 160 
hiss 600 | 29 12} 120) .... 120 
24... 29 ll 120 | 120 
1 | 850 40 12 |} 120) 120°" 
2°94) 850) 40 12 120 | .... 120 
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TABLE CONCERNING 


IN FEET. 


Railway operator. Location. 


Year built. 


“ 
“ 
“ 


Phila. Reading Ry. Port Richmond, Phila. App. 


‘|Loco. Incl... -A4 


Includes maximum capacities piers under construction. 


TABLE CONCERNING 


operator. 


Year built. 


Length, in feet. 


West. Maryland Ry...... Port.Covington, Balto Power Incline A8}.. 
Pennsylvania R.... ..|Clinton St. (Canton) Loco. Incline 
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Type. 
co 
| 
Incl.........A8| 6 | 735) 72 | 66 
4 |°40] 188) 21 
8 | °60| 348) 22 | 27 
Z 
Location. Type. 
| | 
| 
800 
785 
790 
‘87 | 898 
Georges Creek Coal Co., B. & O. . 
248 
92 | 400 
150 
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PIERS PHILADELPHIA HARBOR. 


Cars per hr. 


Antbr, | Bitum. 


+ Under construction. 


PIERS BALTIMORE HARBOR. 


NUMBER GRADES, PERCENTAGE. DISCHARGE. 


459 
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TABLE CONCERNING 


Feet, 


Railway operator. Location. 


Year built. 
Length, 


Loco. Incline. 


Virginian Ry. Combination 


Ohio 


“ . . | 


| 


Includes capacities piers under construction. 


TABLE 


—SHIPMENTS COAL, TONS. 


Harbor. Anthracite. Bituminous. Totals. 


| 


14 651 401 
Philadelphia 
Baltimore 


ports are capable supplying greater demands for coal than now 
exist; but, course, must remembered that pier which supplies 
succession small cargoes, and especially boats not under their 
own power control, will not able work the same capacity 
cases where there will the same continuous run large cargoes 
regularly, and, though some the ports may hard times 
make deliveries satisfactory urgent demands, there are other 
ports which are more less idle great part the time, all 
the piers are idle some the time, due lack vessels. The neces- 
sity being position furnish large cargoes short time re- 
quires, number the ports, the construction piers greater 
capacity than they will required develop, except intervals. 
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| 
| 
Type. & 
‘Ot 77.1|20.4 
18 wa 91.5 
oe 09 mls 
= < 07 55 
749 988 401 
856 626 054 876 
4 002 809 4 259 834 
7 376 925 7 876 925 
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NORFOLK HARBOR. 


| 
NUMBER 
TRACKS. 


2929 69 


See 
See sketch. 


— 2.2 9 


SRo 


See 


Under construction. 


ABLE 6.—PERCENTAGES COAL FURNISHED RAILROADS. 


HARBORS. 


all harbors. 
New York. | Philadelphia. Baltimore. | Norfolk. 


81.0 


Railroad 


Pennsylvania. 
Central of New Jersey 
Delaware, Lackawanna and! 


Baltimore and Ohio, 


Western:......- 
Delaware and spe 
Western Maryland.. 
Chesapeake and Ohio.. 
Norfolk and Western... 
Virginian 


CROC CS 


100.0 


facilities, lack proper adaptation kind cargoes 
handled,, the number. cases, being insufficient permit 
of.a free discharge coal from the vessels. The piers 
having the largest estimated maximum capacities per day hours 
the various harbors are Table 
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TABLE EACH HARBOR HAVING THE LARGEST ESTIMATED 
MAXIMUM CAPACITY. 


Number 


Harbor. Railroad. Location. Type. cars 


New York...|P. R. . 3.\South Amboy..|McMyler dumper, Type B2.... 
P .... |Harsimus Cove/Grade approach and return, 


Locomotive incline, Type A4. 


Baltimore..,..|B. Bay....|Locomotive incline, Type A6. 
Norfolk . 8.|Lamberts 


Power incline, Type 
C, & News|Locomotive incline, T 6. 
New combination plants, Type under one for 
Lamberts Point and one for Newport News, 
will have a maximum capacity of 


New York Harbor coal delivered mostly lighters and barges 
3500 tons capacity, there being but few sea-going vessels which 
are coaled directly from the piers, either bunkers cargoes. 
These are usually loaded from lighters. Some piers are prepared 
furnish coal from 10-ton lots, but most the cargoes delivered 
not less than tons. 

Philadelphia Harbor coal delivered local tugs, barges, 
schooners, scows, tramps, and colliers, the greater portion being 
barges for domestic use, cargoes running 3500 tons, and 
number tramps from 5000 7000 tons, with 

Baltimore Harbor coal delivered small bay craft 
tons, coastwise sailing vessels with cargoes from 6000 
tons, barges 7500 tons, tramps from 5000 and 
colliers 12500 tons. large part this coal goes New England 
and foreign countries. 

Norfolk Harbor eargoes are delivered boats about the same 
class Baltimore Harbor, but some the Norfolk piers better 
adapted for coal the largest Government colliers. 

The two largest Government colliers, the Cyclops and Neptune, have 
length 542 ft., beam ft., hatches ft. athwartships, ft. 
fore and aft; the top the forward cargo hatch when the boat 
ballast trim about ft. above the water level, and the aft 
hatch ft., the bunker hatches being about 384 ft. When out 


i 
| | | TYPO AB, | 
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ballast trim, condition which may occur rarely, the aft bunker hatches 
may about ft. above the water line. Their main draft when 
loaded ft. in. account the steel cranes and derricks 
the decks these boats, somewhat difficult coal them. 

The largest coastwise steamer the New England Coal and Coke 
the Malden, which has length 406 ft. over all, 
beam ft. in., ten cargo hatches ft. athwartships and ft. fore 
and aft, one bunker hatch ft. athwartships, ft. fore and aft. The 
distance from the the cargo hatches the water, when the boat 
ballast trim, varies from ft., and the bunker hatch 
ft. probable that this company will build col- 
liers 550 ft. length, with from ft. beam. 


CHANNELS AND TIDAL VARIATIONS. 


The present depths the channels leading the various ports 
the four harbors are given Table 


CLASSIFICATION 


The coal piers constructed for the purpose supplying coal .to 
vessels the harbors Atlantic Seaboard may divided into 
the three general classes: 

(A) Gravity Plants, 
(B) Plants, 
(C) Combination Plants. 


A.—Gravity Plants. 


This name generally coal trestles which are equipped 
with pockets bins for from the usual cars, and 
with chutes for discharging into vessels moored the piers. Although 
number these plants have such grades will permit the loaded 
cars drift over the deck tracks and the empties return the 
light that power some kind for the movement the 
loads over the deck, and the empties the yards; but, matter 
what the grades cars are moved the deck and the 
return tracks, the gravity plant the coal 
charged directly into the pockets chutes from the regular coal ears 


CHANNELS; AND TIDAL VARIATIONS. 


Tipan 
VARIATIONS, 
In Feet, 


Harbor. | Channels, etc. 


Maxi- 


Mean. 


Perth Amboy 
Arthur 


Port Island Sound and Kill van 


Port Johnson Kill van 
St. George......... Upper rey Lower Beye 
pper wer Bays 
Greenville Local pier. 
Port Liberty Lower Bays and 
son River.. 
Harsimus Cove....|Upper and Lower 
Hoboken and Lower Bays and 
Upper and Lower Bays and 
son Ri 
Guttenberg Upper_and Lower Bays and Hud- 
son 
Edgewater. Upper and Bays and 
dredged to: 


channel 

Clinton Harbor channel. 

Canton Piers and ft., Harbor 


Norfolk Lamberts Point... 


The general class gravity plants embraces nine types, shown 

Type Approach and Return.—The loads are delivered 
the pier deck, spotted over the pockets, and the empties 
the yards, all gravity. the ideal type gravity plant; but 
locations where the land back the dock sufficient elevation for 
gravity lead the pier deck, and where the empty yard 
elevation lower than the deck the pier, not 
usual harbors. matter fact, the writer has been unable 


16 i 
26 
18 
40 
40 
35 
8.1 
Sewells 
Newport, Roads ahd River.| 


GRAVITY PLANTS 


Gravity 4 pproach 


TYPE 
GRAVITY APPROACH AND RETURN, 


Grade Approach and ~—» 


GRADE APPROACH AND RETURN, 


Grade Approach 


CRADE APPROACH AND GRAVITY RETURN, 


Level Grade 


TYPE 


LOCOMOTIVE INCLINE AND LOCOMOTIVE 
GRAVITY RETURN FROM SHORE 


TYPE 
LOAD AND EMPTY YARDS OPPOSITE ENDS PIER, 
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GRAVITY PLANTS 


TYPE 
LOCOMOTIVE INCLINE SHORE END, 
GRAVITY RETURN FROM SEA END 


TYPE A7 


LOCOMOTIVE INCLINE AT SEA END, 
GRAVITY RETURN FROM SHORE ENO 


turn 


—> Loaded Car Yd. 


TYPE 


POWER INCLINE AT SHORE END, 
GRAVITY RETURN FROM SEA END 


Gravity 


Loaded Car Yard 


TYPE 
POWER INCLINE SEA END, 
GRAVITY RETURN FROM SHORE END 


Fig. 2. 


466 
Gravi 
ity Return 
<_ 
<_— 


COAL PIERS THE ATLANTIC SEABOARD 


locate any pier this type the Atlantic Seaboard within the limits 
the United States. the Perth Amboy Port New York Harbor, 
Piers Nos. and operated the Lehigh Valley Railroad Company, 
have descending grade 0.6% the trestle approach and 
grade for the return empties, but the 0.6% approach grade will 
not permit move gravity except under very favorable weather 
conditions, and locomotives are therefore used, these piers cannot 
considered meeting the conditions this ideal type. 

Type A2.—Grade Approach pier deck beyond the 
bulkhead slips approximately the same elevation the 
tracks the approach trestlework and the yards, thereby requiring 
locomotives for delivering the: loads the deck and for removing the 
empties. The grades slightly ascending, descending. 
account engine service for both loads and empties, deck 
well the yards, the operating cost this type may high, 
the discharge and return the cars slow, and the capacity the pier 
somewhat restricted thereby, especially when there are only one 
two tracks the pier; more cars can handled locomotive 
easy grades than steep inclines, the cost operation this 
type may low, lower than any the types where empties are re- 
turned gravity, when the character the vessels, loads, 
will not permit continuous operation. will depend largely 
the number and types vessels and cargoes. There are two piers 
this type service New York Harbor and four Philadelphia. 

Type Approach and Gravity pier deck 
approximately the same elevation grade the tracks the 
approach trestlework, but higher elevation than the empty yard. 
Loads are delivered the pier locomotives and the empties are 
returned gravity. This account the easy delivery grade, 
where considerable number cars can one locomotive, 
and the return empties gravity, should economical operation 
where conditions are such enable its construction without sacrifice 
yard facilities and and without excessive expenditure 
for the construction and maintenance long and high trestle ap- 
proaches. There are only two piers this type, both New York 
Harbor. 

Type Incline the Shore End and Locomotive 
Gravity Return from the Shore End.—The pier deck may level 
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have slight grade. The loads are pushed the incline loco- 
motive then handled and the. empties removed the loco- 
motive, the empties are spotted gravity 
and then returned gravity down the delivery depending 
used where the width right way contracted and local 
ditions necessitate the construction joint yard for 
loads and empties within restricted space. The empties may re- 
turned over the delivery tracks, for piers where the output small, 
over independent tracks, where the output large and the right 
way will permit the additional width necessary for such tracks. There 
are eleven piers this New York Harbor, five Philadelphia, 
and five Baltimore, making total twenty-one now 
Type A5.—Load and Empty Yards Opposite Ends Pier.—The 
loads are pushed from the yard the incline one end the pier, 


and the empties: are returned the yard the entire 
along the banks rivers where the yards and tracks have 
the stream, and used for locomotive coaling stations, 
but, the writer has been able there are piers 

Type A6.—Locomotive Incline Shore End, Gravity Return from 
Sea End.—Loads are pushed the the deck locomotive, 
then gravity over the when unloaded, drop 
gravity switchback turn-table, where the movement reversed 
the empty yard. The empty return tracks, being independent the 
approach may reach empty yard ad- 
impeding All considered, this perhaps the 
most practical and economical the gravity plants, both cost 
and operation, sufficiently flexible meet diversity local 
There are: four piers this type New York Harbor, 
Curtis Bay, Baltimore well-known example. 

Type Incline Sea End, Gravity Return from 
modification Type A6. The lead for 
the yard tracks nearer the water and the empty yard farther back 
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than Type The deck ascending grade ‘toward 
the sea end, thereby making the deck place 
certain locations make worthy consideration. 

Type Incline End, Gravity Return from Sea 
End.—The pier has grade toward the sea. Cars are pulled 
small barney attached the end Otherwise the 
operation the same the locomotive incline, Type The power 
the approach the pier not sufficient for locomotive 
ineline. The delivery track from the loaded yard usually graded 
downward feed the cars the foot the incline 
There are four piers this type New York! Harbor, one Philadel- 
phia, one Baltimore, and Norfolk, making seven; 
embraced under another 

Type Sea End; from Shore 
End.—The pier has grade toward the sea, and simply modi- 
fication Type The highest the deck sea end, 
the highest properly belong. type, when 
loaded from only one side the pier, well adapted where 
the load yard close the pier. When piers deliver coal vessels 
both sides, the delivery track can placed the middle and the 
deck tracks can carried across the entire width the pier, except 
for the space required for the incline through the deck, thereby re- 
quiring less width pier the shore end than for Type A8. There 
are piers this type operation the Atlantic Seaboard, but 


Plants. 


Coaling plants which are equipped with car-dumping machinery, 
elevators, conveyors,. for delivering vessels the use 
ing machines pick the loaded dump their 
apron, from which into chutes which are adjustable 
and kept full reduce the fall and breakage. These 
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the Wellman-Seaver-Morgan Com- 
pany, the Brown Hoisting and Conveying Machine 
Cleveland, Ohio. description the types mechanical 
plants (Figs. follows: 

Machine Grade.—The loaded car delivered 
the cradle the machine, which grade only slight 
elevation above it, and placed hauled the then 
vertically and dumped into chutes turning sideways. 
The then lowered, pushed off the cradle the next loaded car 
entering, and hauled The range delivery vessels con- 
fined within the sweep the chutes, and this necessitates moving the 


vessels while being loaded. This adapted locations where 
space restricted to. such extent that the gravity movement 
empty cars impracticable, but there plant this particular 
type operation the Atlantic 

B2.—Car-Dumping Machine with Power loaded car 
delivered gravity locomotive barney cable connection 
which moves steep inclined plane the cradle the machine. 


dumped into chutes turning over sideways, and the 
empty car returned the yard gravity. This type requires more 
space than B1, and, the cars are delivered elevation, the vertical 
lift the machine need not When available, this 
plant more economical operation than Type There are. five 
plants New York Harbor and one Philadelphia, total six 
the Atlantic Seaboard, exclusive those combination with 
gravity piers and included Class 

B3.—Car-Dumping Machine with machine. turns 
the car and dumps coal into conveyor buckets which 
from the machine and lower the bottom the hatch 
before dumping. The cars may handled locomotives 
barneys and gravity. that this will reduce the breakage 

Machine with Movable Tower.—The loaded car 
inclined plane the cradle the machine. then dumped 
into self-propelling having sloping bottom and dis- 
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TYPE 
CAR-DUMPING MACHINE GRADE CAR-DUMPING MACHINE WITH BARNEY 


CAR-DUMPING MACHINE WITH CONVEYOR 
Fre. 
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charge, which moves movable tower. The tower moves tracks 
running along the pier, and elevates the body the transfer car 
vertically the proper height; then the coal flows from the side the 
into chutes. The body the transfer car then lowered its 
tracks. The empty transfer cars return for load 
empty coal cars are returned the yard gravity. This type very 


MOVABLE TOWER 


Transfer Car Track 


Movable Tower 
Transfer Car Track 


TYPE B4-CAR-DUMPING MACHINE WITH MOVABLE TOWER 


elastic, and will deliver coal any the pier without moving the 
vessels. When provided with mechanical trimmer, indicated 
the sketch (Fig. 4), the cost trimming coal may reduced consider- 
ably. There are yet plants this type operation the 
Atlantic Seaboard, but number designs have been under con- 


‘ 
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and then elevated endless chain conveyor such that 
the coal will and delivered the through 
chutes. type indicated particular cases where the local and 
congested conditions will not permit sufficient space turm the 
cars that they may run piers, cases where the supply 
track runs right angles the pier and close the shore end. 
There one plant this type New York Harbor the end 
pier the Hoboken Port the Delaware, Lackawanna and Western 
Railroad. 


C.—Combination Plants. 


quite possible and practicable combine car-dumping machines 


with gravity piers variety ways. Two combinations 


are described, follows: 

Type C1.—This type combination car-dumping machine 
(power incline and gravity return empty mine cars) with elevator 
lift gravity pier deck the shore end for special dock cars, and 
gravity return empty dock cars from the sea The 
are dumped the machine into special dock cars which move their 
own power, gravity, the platform the elevator, are then 
raised the deck the pier, over which they move their own 
power, gravity, and discharge coal into the pier pockets and chutes, 
and then return under brake control the car dumper. The empty 
mine cars which have been unloaded the car dumper return 
gravity the empty yards. Two plants this type are under con- 
struction Norfolk Harbor, one Lamberts Point and the other 
Newport See Fig. 

(power incline and return empty mine cars) with Type 
gravity power incline for special dock the shore end 
type the dumping machine the mine cars into special dock 
these cars are pushed the top the over the 
barney incline, and dropped under their own 
control, the pockets. where the coal delivered; they are then 
returned the car dumper under brake control gravity. return. 
The empty mine cars drift gravity over the switchback the empty 
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yards. There one pier this type Norfolk Harbor Sewells 
Point. See Fig. 
Table shows the number each and type plant 


operation under construction: the harbors the Sea- 
board. 


Gravity Grade- Dock Cars —> 


Elevated Lift - Dock Cars 


CAR-DUMPING MACHINE (POWER INCLINE AND GRAVITY RETURN OF 
EMPTY MINE CARS) WITH ELEVATOR LIFT TO PIER DECK AT SHORE 
END FOR SPECIAL DOCK CARS, AND GRAVITY RETURN OF EMPTY 
DOCK CARS FROM SEA END. 


Mine Cars from Load Yard 


2 

= 


Gravity Return 
Empty Mine Cars 


TYPEC2 
CAR-DUMPING MACHINE (POWER INCLINE AND GRAVITY RETURN OF 
EMPTY MINE CARS) WITH TYPE A 8, GRAVITY PLANT, PQWER INCLINE 
FOR SPECIAL DOCK CARS AT SHORE END AND GRAVITY RETURN OF 
SPECIAL DOCK CARS FROM SEA ENO. 


Dimensions. 


The longest coal pier, measured from the bulkhead the end 
the Pier No. Pennsylvania Railroad Company; 
Amboy, which has length ‘The length the 
Bay pier the Baltimore and Railroad 800 the Norfolk 
and Western pier Lamberts Point; 867 ft., the Virginian Railway 
pier Sewells Point,:1 000 ft.; Pier No. the and 
Pennsylvania Railroad Greenwich, These 
the lengths the The two piers Norfolk now under construc- 
tion, one for the Norfolk and Western Railroad and one for the Chesa- 
peake and Ohio Railroad, will haye slips 200 ft. long: 


Gravity Return aii 
Empty Mine Cars 
Dock Cars Loaded Dock Cars 
Geass 
ravity Grade~Dock 
gravity 
S Empty Dock Cars“ ‘Loaded Dock Cars 
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TABLE 9.—NUMBER .OF EACH CLASS AND PLANT 
UNDER CONSTRUCTION THE HARBORS THE 
ATLANTIC SEABOARD. 


MECHANICAL 
PLANTS. 
Crass B 


GRAVrTy PLANTs. 


Harbor. 


New York 
Philadelphia 


Norfolk 


One plant under construction and four service. 
Under construction. 


The highest pier thus far built the Norfolk and Western Pier 
No. Lamberts Point, which has height 70.4 ft. above the water 
near the sea end. The Curtis Bay pier the Baltimore and Ohio 
Railroad has height ft, near the sea end, the Virginian Railroad 
pier Sewells Point has height 69.2 ft,, and the two piers under 
construction Lamberts and Newport News will have height 
about ft. 

The. heights and lengths all piers the Atlantic Seaboard are 
noted in, Tables The highest piers, namely, those under construc- 
tion Newport News and Lamberts Point, will have maximum 
height from the discharging end the chute the water, 
and minimum ft. 

steamers carrying cargo coal are given under the 
order to. coal freely into coastwise boats, the 
hatches being ft., the height piers should not 65, ft. 
above mean tide, when the not bins, and, 
bins are storing one car coal each, the should 
least ft. above mean tide. For coaling the largest Government 
colliers freely, the height should ft. greater than the fore- 
ballast, the height should least ft. greater. 


ComBINa- 

TION 

ss 

6} 2) 21 an 0} 7, 0} 50. 0} 6) 0,0 %| 2 | 1), 3 
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Piers with heights ft. less than those given will the 
too flat angle for the gravity flow coal. pier only ft. high 
above mean tide can made deliver coal some the coastwise 
steamers with but extra expense for 
handling and trimming. general proposition, for efficient service 
boats all classes, the height pier should from ft. 
greater than the height the highest hatches vessels coaling 
the ports, depending the type chute used and the storage 


the bins. 
TRACKS AND GRADES. 


The tracks leading piers and yards are usually arranged 


require the least shifting ‘operations. some yards 
large number short tracks are required sort cars with different 
kinds coal, and when this the case, the load yard, when practicable, 
consists number short tracks, gridiron arrangement with 
ladder each end. For the empty-car yard, sorting generally not 
necessary, and few long tracks are used. The approach tracks 
locomotive inclines usually have great length the situation 
will permit, order enable locomotives have good run for 
overcoming the grade the The approach tracks leading 
barney inclines have down grade where the conditions will permit, 
order that the cars may drift gravity the barney. Tracks 
the piers are arranged number ways, depending on’ the local 
conditions, the type pier, and whether coaling 
both sides. 

The ‘grades locomotive inclines vary from per ¢ent. There 
are only three piers having grades 5%, six with grades from 
34%, and twenty-six with grades less than per cent. The conditions 
which affect the choice the grade are: longitudinal space, capacity 
the locomotive used, the required discharging capacity the 
pier, and operation and cost: steep incline 
will cost less construct, but usually more maintain and operate, 
than easy moderate grade, and, the delivery the coal 
the pier deck should with the discharge into vessels, for 
economical operation, the grade should not such retard de- 
livery. The selection the grade locomotive 
portant matter, and should determined, not much from 
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quirements for case, and when permit, should not 
exceed per cent. 

The grades barney cable inclines gravity. class piers vary 
will require less power and less expensive machinery car 
12% grade than grade, and though the steeper inclines are 
usually resorted account limited longitudinal space, 
economy use the easiest grade permitted the local 
economy even first cost—-as the additional cost the longer low- 
trestle offset the cost expensive machinery, 
the inclines are required relatively height, not 
gravity plant, and 12% mechanical plant, appear to. 
reasonable. 

The grades pier decks vary from 0.5 1.5 per When 
grade less than 1%, short, sharp grade sometimes introduced 
give impetus the the head the pier-and the switch- 
back. The object grade the. pier deck enable cars move 
slowly gravity. the summer cars good condition will run 
livered vessels during cold well warm weather, and northern 
well southern climates, the selection grade for any pier 
more less matter compromise; grades from 1.3% give 
good results New York, but grades from 0.67 0.76% appear 
give equally good results the South when headed sharp start- 
ing grade. 

Grades for the return tracks vary from 0.6 for hand-brake 
control, but considered good practice keep them less than 
when practicable, and.to ease them off their lower ends approach 
the empty yard. The percentage grade the return track 
governed considerable extent the location the empty yard. 

All changes eased vertical curves extending for 
distance from ft., and even for longer distance where 
warrant, depending the degree change and the 
length grades. The number tracks approaches, including 
deck and empty return, with their grades, are given Tables 
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AND 


are intended work automatically, and have grades 
and lengths proportioned keep the empty moving 
gravity. They are generally constructed with adjustable blocking, 
order that the grades may quickly adjusted during the different 
seasons the year, those having grades satisfactory for handling 
cars gravity hot weather will not operate well cold weather 
and vice versa. The grades, typical switchback are indicated 
the sketch, Fig. 

some where longitudinal space will not permit 
struction switchback, counterbalanced transfer pivot tables are 
used. ‘The normal position the table line with the delivery 
track. Cars are run the table gravity, and the 
gravity connection line and grade with the return’ track, the 
empty car then leaves the table gravity, and the table returned 
its normal position the counterweight. Pivot tables this char- 
acter are use Point, Piers Nos. and Norfolk, 
required each table control the brake levers governing the 
movement the arrangement typical table shown 

Wherever there sufficient space for the construction properly 
mechanism get out order and equally effective. 


embraces bins, pockets, chutes, and 
and, elasses piers, and thawing: plants. 

Bins the: purposes this paper, the following 
bins and pockets piers has been made: 


Bins.—Hoppers receptacles constriicted for the stor- 

the coal from ‘the cars 
and deliver directly into the chutes without storage. 


There are various forms construction bins 
general description each follows. 
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Bins cases corisist partitions framed timber bents 
the approach have wooden floors, and the coal dropped 
from the car bottoms through openings the deck. some instances 
these bins are constructed with enclosed sides and with hopper bot- 
tom, that the coal may reloaded into cars loaded wagons 
TYPICAL SWITCHBACK AND PIVOT TABLE 


From Delivery Tracks—1.0% 
To Empty Return Tracks—1-0 eve! i 


SWITCHBACK 


ans ‘1.0 Prom Delivery Tracks 


PROFILE 


Pivot Table Pit 


Counterweight Cable 


PIVOT TABLE 
boats, through chutes. When bins have sides and hopper bottoms 

they are usually lined with sheet metal. 

Pockets are ordinarily used receive the coal drops from the 
the and convey the chutes. Pockets 
are under the delivery tracks the pier, and have their 
bottom outlet the side from ft. below the deck. 


PLAN 
> 
| — Radial Track ¢ 
SECTION THROUGH PIT Pivot 
PLAN 
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Most the piers examined were equipped with timber pockets, metal 
lined, although the pier the Virginian Railway Sewells Point 
Norfolk has metal pockets. The upper ends the pockets are 
generally about ft. long, and from ft. wide, the sides and 
bottom tapering opening the side the pier about ft. 
wide and from ft. ft. high: general, pockets are not 
designed for the storage coal; Pier No. the Norfolk and Western 
Railway Lamberts Point and the pier the Virginian Railway 
Sewells Point Norfolk Harbor, however, have gates the outlets, 
and are used occasionally for temporary storage. 

has been observed that operation number piers would 
have been greatly facilitated had the pocket tops been made longer and 
wider, receive the full discharge coal from either hopper 
gondola car, and these pocket tops should preferably made 
least ft. long and ft. wide. 

Pockets timber lined with metal are not durable those 
metal alone, even though the metal the same thickness each 
case, because water gets between the metal lining and the wood, causing 
very rapid deterioration both. 

Quite number pockets are defective their design, inasmuch 
they not permit free flow coal through the openings the 
chute, because the leads the chute are constructed such manner 
choke the flow the coal, thereby requiring manual labor break 
the jam. pocket which will permit the coal flow freely should 
have sharp corners, but constructed lines curves rather 
than angles. The slope the should 45°, prefer- 
ably 45°, and the lead the chute should designed that will 
not form wedge the pocket outlet. 

Coal various types chutes used piers for 
delivering coal vessels may divided into four general types: 


(1) Simple hinged chutes, 
(2) Hinged chutes adjustable the end, 


(3) Hinged chutes with telescopic leg the upper end, 
(4) Chutes with telescopic leg the lower end. 


Some these types are patented, and have different trade. names, 
aceording the notions the patentees, but the foregoing general 


classification will best serve the purpose this paper, Fig. contains 
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description. 
angle about the fixed horizontal been, 
coal freely outer the chute into the 
the The chutes, are. dependent, to, 
but the most common, dimensions are approximately, width 
hinge lower free end, in., the length:varies from 
ft. piers chutes type are counterbalanced 
cables: attached, to. hanging, weights, the counterweight 
chain cable being: operated over differential drum the 
hand, winches, and.in when not counterweighted, requires 
the services one about min. and adjust chute 
its full vertical the; chutes are 
typical, but for handling and 

hinged metal frame, which vertical, guide 
attached the frame fixed vertical leg.. receives, the 
from the vertical leg, which fed from the The. 
openings for, discharge the these, 
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the opening from which discharge. This type al- 
lows vertical adjustment the apron, that coal 
the hatches boats great drop from the outer end 
the apron. known the Henkel patent. vertical ‘adjust- 
ment the end, and the adjustment swinging the apron 
through its vertical angle are made 
chute sometimes counterweighted for both the upper and lower ends, 
manner similar that for Type The power nécessary handle 
and adjust this type more than for 
men about min. lower the end the chute 
from the highest lowest pocket outlets, four “five 
takes about the same number men and the same swing the 
apron through its vertical arc, described for Type Type Fig. 
illustrates this chute. used the piers the’ Philadelphia 
and Reading Railroad Port Richmond Philadelphia Harbor. 
Type 8—Hinged Chute with Telescopic Leg Upper 
simple apron, for but its upper end 
hinged vertical leg, which receives the coal directly 
from the and discharges into the ¢hute. The front 
slip side ‘the vertical leg open, movable hopper, 
which ‘the apron can vertically 
the length ‘the series sliding resting the top 
the movable hopper and sliding guides the the 
leg, closes the front’ the vertical leg the hopper lowered. 
The leg being adjustable height, and the inclined chute 
being hinged thereto; makes than either Types 
and though the coal falls freely from the outer end the inclined 
the vertical These chutes are operated hand winches, and the 
time and number men required lower and raise the inclined chute 
are the same for Type and, addition, one two 
men from min. adjust the movable hopper from the highest 
the lowest positions, and from four five men from min. 
reverse this latter operation. These chutes are generally all metal, 
and most cases both the inelined and vertical chutes are counter- 
This type patented and generally known ‘as the Link 
Belt Chute. Type Fig. They are used 
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COAL PIER CHUTES 


HINGED CHUTE WITH 
TELESCOPIC LEG AT UPPER END 


Telescopic 
hy Chute 


HINGED CHUTE 
ADJUSTABLE LEG AT UPPER END 


CHUTE 
TELESCOPIC LEG AT LOWEB END 
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Fig. 7. 


Pier No. Pennsylvania Railroad, Greenwich, Philadelphia Har- 
bor, Curtis Bay pier and Port Covington pier, Baltimore, and the 
Virginian Railway pier Sewells Point, The inclined 
chutes the Sewells Point pier are pivoted allow the lower 
end the chute swing horizontal are 124 ft. each 

Type 4.—Chute Leg End.—This type 
consists telescopic chute attached the outer end 
inclined apron. The slides down the apron into the vertical chute 
and into the hold the vessel. lower the 
inclined apron being and the lower end the vertical tele- 
scopic chute having gate that the chute can generally kept 
full that will flow unbroken stream from the 
lower mouth chute without excessive fall, vertical tele- 
scopic leg generally pivoted the apron near its upper end, that 
the lower end can swung deliver the sides well the 
middle the hold, and this way save the amount trimming. 
Generally, the vertical leg adjustable through range ft., and, 
addition, the apron adjustable through vertical range 
ft., that the arrangement readily adapted for any reasonable depth 
hold height hatches. This chute, being very heavy, requires 
mechanical power for its operation. number the mechanical 
plants Harbor are equipped with chutes this type. 
Type Fig. indicates its. general construction and adaptability. 

These four general types embrace all the chutes now use 
piers the Seaboard. There are numerous modifications, 
however, have been put into actual use piers 
some the Great Lake ports. modification Type shown 
chute with teleseopic extension its end. 

The movable tower, Fig. modification Type the lower 
end which has been added horizontal arm being swung 
horizontal arc, which distributes the coal any part the hold. 
The device known automatic trimmer, but, far the writer 
can ascertain, has not yet been used. 

general, the height the pier and the design the chutes are, 
great extent, the limiting factors for any one pier, because, 


the height the delivery end the chute depends the size the 
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ean pier, without excessive ‘costs for 
handlitig the coal. usually recognized that' the angle repose 
for anthracite coal 27° with the horizontal and for bituminous 
35° with the horizontal, and should ‘designed 
discharge boats delivery end will ‘allow free 
flow into the requiring shoveling the chute, this 
will necessitate the somewhat greater angles 
chute should never than 35° for bituminous, and 
that are obtained chutes are inclined from 
degrees. 

Relative Merits Four qualities which 
determine the relative merits several tynes used gravity 
plants are: 


(1) Simplicity mechanism and adjustment, 
(2) Area distribution, 

(3) Speed delivery, 

(4) Quantity breakage, 


Cost installation, 
(6) Cost operation, 


The fixed- chute, has the merit simplicity, speed 
excessive breakage, may offset, large extent, the merits which 
The cost metal chute, erected place, with counterweight and 

‘chute, adjustable the upper end, and the 
merit of: distributing ‘delivery breakage, but the greater cost 
installation, maintenance may offset their merits, 
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fixed. chutes, with idea reducing the breakage of, coal, giving 
discarded because they were cumbersome and slow, quickly; 
where they have been meritorious have been 
account of, lack interest the pier management, may 
have felt that the quick release vessels, large daily. tonnage, and 
consequent reduction pier operating expenses, will more important 
the than the loss the yalue the coal the 
customers due the breakage, The question really commercial 
each pier, whether the railroad’s interests not 
best served the increased expense installing 
which deliver the coal with the least breakage. 

The chute with the telescopic the lower end, Type 
its weight, adaptable mainly mechanical plants gravity 
piers equipped with mechanical power for handling the chutes. This 
type has the merits wide distribution, speed, and least breakage; 
but, for gravity piers, has high cost installation, operation, and 
maintenance, and cumbersome handling. The distribut- 
ing the coal over considerable area, thereby reducing the cost 
hand trimming commercial factor weighed against the cost 
installation and maintenance and power for operation. 

account the varieties bituminous coal handled from piers, 
different arrangements have provided the 
Norfolk Harbor the coal handled nominally 
lumpy, with little dust. may dropped 
heights permissible for other varieties, and will not badly 
ports grades coal are for foreign ship- 
ments. 
Track are provided wherever the business 
requires that the coal weighed. They are placed at. 
the delivery track ground pier, the entrance 
load Empty cars are seldom weighed, but, necessary, 
where scale the empty return weigh, empty 
cars, and has, been abandoned, 
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requirements length cars. used, the running 
while being weighed, cars are, weighed 
while moving singly. The standards in) use the various roads vary 
and from ft. fitted with such apparatus. the two 
new piers now course construction Harbor, scales 
ft. long, with automatic weighing devices, are contemplated. The 
weighing capacities the the piers and in. the yards the 
various ports Ib. one-half of, the 
scales investigated,were equipped with automatic weighing devices. 

constant use and without having their accuracy destroyed. 

equipment for power. incline 
usually consists couple of, boilers, running 
over pulleys and drums generally attached what called mule, 
Sewells Point, Norfolk Harbor—electrical power used: 
cable attached directly the front end the car, which pulled 
safer for operating purposes; and requires less inspection the draw- 
bars and car mechanism than haul. The 
equipment, installed, will cost about $17000 for 16% 
$25 000 for 25% incline. 

pier deck the yard steam jets inserted steam: being 
second type the coal also thawed jets steam, but the plant 
installed permanently The third type somewhat elaborate, 
the coal being hot air: 

thawing. required only during severe weather, and then pos- 
sibly only for short seasons, number not considered 


| 
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are plants type, located Elizabeth, Hoboken, 
Guttenberg, New York Harbor, Greenwich 
Philadelphia, Port Covington,-in Baltimore, Point, 
the second type one of: type South 
Amboy, New York Harbor. 


and ‘consists pile foundations and superstructure. 
Judging from the fact large these piers 
present ‘meet the increased requirements, their temporary character 
construction apparently Some the more modern ones, 


however, sucli those Sewells Point Lamberts Point (Piers 


Nos. and 3), Norfolk are constructed permanent manner 
over the length the dock, but such construction was made 
necessary because their great height and large The piers 
Norfolk and Western Lamberts Point, 
and the Chesapeake and Ohio News will also 
nent construction. 

the cargoes, operating conditions, possible: future develop- 
at. understood, the modern pier, order 
conditions and anticipated developments, 
built more permanent manner than heretofore, secure the 
necessary stability under the more severe operating conditions, and 
precaution against danger destruction. fire. 


OPERATION. 

The cost ‘operating pier includes clerical force, policing, 
maintenance iof plant, and depreciation are alse proper charges which 
materially cost handling not herein: con- 
operating they are fully aceounted for 
under the heading, “Relative Merits Different Classes and Types.” 
The items genéral office, supervision, yard, and tug- 
important bearing its object. 


E 


Force office force and 
average capacity, average rating 180 for 270 
days. had worked its full average capacity 
300 days, the cost per ton would about. 0.42 cent, and 
had: 200 cars per day per 
ton wauld have been This 0.38 ton, there- 
policing pier working 200 cars per day. 
When 75% the normal the would about 
0.50 cent per ton. 

Engine locomotive incline type working 
average capacity 200 cars per requires use 
The average charge for engine which work effectively 
will approximate $43 per day, the cost being made the 
items: 

Repairs 


Lubrication 


Engine-house 


One 
One fireman 
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This engine service would amount 300 working 
tons. For ‘piers’ barney incline mechanical’ type; 
required, but, arranged, one engine’ will 
cent per ton. 

Expenses Operating Machinery.—On the power incline type 
pier, with 22% grade, and developing capacity 200 cars per day, 
the daily charges for operating the haulage ‘system (not including 
cars engine will about follows: 


This equal cost 0.49 cent per ton. the plant should work 
only 75% its average daily capacity, the cost per ton would 
about 0.60 cent, assuming that only the coal consumption reduced. 

modern mechanical car dumper, operated steam, with 
average capacity 200 cars per day, the daily cost for operating the 
machinery, including dumping cars, but exclusive the engine service, 
will about follows: 


Coal, tons $2.50............ $37.50 
Oil, water, incidentals, 8.00 
One engineer. $4.00 
One cradle and apron operator. 3.00 
One handling machinery..... 3.00 
One chute operator. 
Four car riders $2.00... 


é 
| 
| 


about 0.98: cent, assuming only coal reduced. 

capacity 300 cars per day and average about day, 
about eight gangs eight the deck, and one 
general foreman, for unloading time into boats two slips. 
takes one gang about ear coal, under the most 
favorable conditions, and many min, coal frozen. 
general, per chute per hour considered good. work: 

some piers the unloading the cars are placed 
the deck done agreement with the men the basis unit 
price per car. pier New York Harbor, average capacity 150 cars 
per day, any size unloaded for $1, about 2.38 cents per 
ton. pier Philadelphia Harbor, average capacity 100 cars per 
day, cars are unloaded the following rates: 


wooden gondolas, cents gross ton. 


in, capacity 180 cars per day during 
1911, cost for labor cars was 1.89 cents per ton. 
This may also price for pier the locomo- 
tive incline type, working normal capacity 200 cars day, 
and the cost will the same for pier the power incline 
mechanical plants which dump. the cars bodily, the cost unloading 
included the cost handling the plant. 

Trimming usually paid for the and 
the, cost will, the wages, the, type 
on, the and the character the vessels loaded. For simple, hinged 
chutes, which practically distributing, there necessarily more 
trimming than for those which are telescopic and adjustable. The cost 
3.42 per ton, general, where trimming 
ment with stevedore price per ton 

for open-top boats, such barges and 
large double-deck 
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scopic leg-would probably require only 75% the 

estimating purposes, connection with 200-car average daily 
when coaling boats, the following ‘eosts 

(a) Gravity piers; chutes having adjustable .3.42 
Oar-dumping machine with mechanical 


Summary. —Reasonable and fair charges per ton for the operating 
expenses locomotive type, power incline type, 
dumping type plant, each working its normal capacity 
200 cars per day, and when yard grades are such permit the 
gravity delivery cars from the load yard the barney pits without 
engine service; ate given Tablé 


TABLE 10.—CHARGE PER FOR OPERATING EXPENSES FOR 


Cents, Cents. 

Labor and fuel for machinery. . 0:49 0.84 


Trimming 8.42 3.42 3.08 


Total, including trimming............... 6.18 


capacities, Which nearer actual the operating charges 
Table 11. 

the barney ‘of and car-dumping plants, 
the types; and, under such 


the operation cost per ton for would given 
Table 


4.80 
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PER CENT, NORMAL CAPACITY. 


incline. incline. machine. 


Office and policing 0.50 
Labor and fuel for machinery 
Unloading cars j "89 


Total, exclusive trimming 
Trimming coal 8.42 


incline. incline, machine. 
A:—PLANTS WORKING CAPACITY. 


Operation, exclusive trimming 
Total, trimming 


Total, including trimming 


for interest, depreciation also enter 
into the cost per ton for handling coal, and are considered connec- 
tion with and under the heading “Relative Merits 
and Types.” Therefore, the operating alone, contained 
the foregoing tabulations, not considered 
the relative economy the different plants. 


Each type pier herein described hes certain features which may 


0.50 0.50 
2.78 3.27 1.78 
6.20 6.69 4.81 
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merits should measured relative efficiencies for the 
location considered. For determination these efficiencies 
the following items must examined: 


(1) Discharging capacities, 

(2) make simultaneous deliveries several vessels, 

(3) Relative freedom from possible breakdown which will seriously 
delay operation, 

(4) Relative breakage coal during delivery, 

(5) Cost 

(6) Interest cost, 

(7) Depreciation plant taken care annual fund 
drawing compound interest, which will amount sufficient 
sum renew the various parts the plant the end their 
estimated serviceability period, 

Cost operation, which includes cost handling and dump- 
ing cars, policing, office expenses, expenses for 
trimming, etc. 


Items and representing interest, depreciation, and operation, 
are connection with the plant, and, stated 
terms cost per ton coal output, the relative cost per ton for 
the different types will represent their relative plant 
which may have the merit greatest economy cost per ton coal 
output, may deficient such extent regard capacity, sim- 
ultaneous delivery several possible breakdown, and coal 
breakage, its apparent economy therefore, all the eight 
items mentioned, and not merely apparent should fully 
considered when determining the relative merits types for 
particular location. 


Relative Economy. 


For the purpose determining the relative economy locomo- 
tive incline Type power incline Type A8, and mechanical 
car dumper Type B2, detailed estimates have been prepared coy ering: 


(1) ‘Temporary construction, namely, pile and 
practicable, that exposed water being treated. 

(2) Partly permanent construction, namely, trestle approaches, 

bulkheads, barney inclines, and empty return trestle for me- 
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chanical plants, pile and far prac- 
the bulkhead the sea end, with the exception barney and 
far practicable. 

(3) Permanent construction, all parts, including ap- 


These estimates include everything except right way,. grading, 
and tracks, and are based the following 

(1) Local conditions suitable for the construc- 
tion economical design each type, the grade the load yards 
being such give gravity delivery loads the foot the 
barney incline for Types and plants, thereby not requiring 
engine service for this purpose. 


(2) Normal Average normal average 
each plant 200 cars per day for 300 days per year, annual 
output 000 gross tons, based the average tons per car. 

Dimensions.—For locomotive and power incline types: length 


from bulkhead, 500 ft.; height above mean tide, ft.; width lower 
deck, ft.; slips, each 500 ft. long, 200 ft. wide, and ft. deep. 

For mechanical car dumper: pier length, 800 width, ft.; only 
one slip, 800 ft. wide and ft. deep. 

(4) Tracks and Grades.—Locomotive incline: one track, grade; 
pier deck, tracks, grade; empty return, one track, about grade. 

Power incline, Type A8: one track, 20% grade; pier deck and empty 

Mechanical car dumper: barney incline one track 12% grade, 
and empty return over track grade varying from per cent. 

(5) Cost Plant—Present average ruling prices. 

(6) Interest Investment.—5% annually. 

(7) Depreciation.—The assumption made that the end 
years the conditions will have changed such extent neces- 
sitate the re-design and construction all temporary work and machin- 
ery, and the end years all permanent work, except dredging 
slips, for this depreciation are taken care 
annual renewal fund drawing interest per cent, 


i 
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Untreated framed timberwork... 10% 
Permanent work.—Steelwork 
All other construction. 


Machinery.— Power incline, ear dumper, scales; 


chutes, ete 
Dredging.— 
Operation.— Table 


The results of. the estimates are summarized Table 13, which 
shows the relative economy the different types and kinds construc- 
tion, terms the total cost per ton coal output, and when based 
the assumed conditions. 

will observed that, under the assumed conditions 


The mechanical car-dumper type will not only the least 
expensive first cost, but also far the most economical 
total charges per ton coal 

(b) The power incline type somewhat less expensive first cost 

‘than the locomotive and also little more econom- 
ical total cost per ton coal output; 

though the permanent construction, for any the three 
types, will necessarily cost more than temporary partly 
temporary work, shows more economy the total cost per 
ton coal output. 


plants greater output and greater heights than assumed, the 
cost coal will vary from that given Table 13, but the rela- 
tive economy the different types will not affected materially. 
the annual output should. about 75% that assumed, or,, other 
words, the piers only 225 days per year instead 300, 
assumed, then the car dumper would still remain the economi- 
cal first cost and cost per ton coal output, but the locomotive 
though costing little more construct than the power incline, 
would more than the latter total cost per ton coal 

the foregoing the car- -dumper 
type, the most types considered, under 


TABLE 13.—COMPARATIVE ESTIMATES 


Type pier, 


From 
deck 
Trim. 
Total 


TEMPORARY CONSTRUCTION 
Loco, incline, A6. . 
Power incline, A8. 
PARTLY PERMANENT CONSTRUCTION. 
Loco. incline, 
Power incline, A8 
dum 
Loco. incline, A6...... 
Power 
_ Car dumper, B: 


2 
sist 


$38 


CORO 


machine and movable- tower machine 
would more expensive cost than the car dumper, Type B2, 
but would cost somewhat less. than either the locomotive power incline 
permanent construction. The total cost per ton coal output ould 
about 0.5 0.6 cent less, than for the locomotive power incline 
type, about 1.4 cents more than for the car dumper, the 
assumption that the chute not equipped with mechanical trimmer. 
Type coals vessels ‘from the tower dumper, which can moved 
along the dock the hatches large vessel, number 
barges moored the pier, and the tower can ‘be moved more speedily 
than the and require pier length about 
compared ‘with 800 for the dumper alone. 


Total 
charges 
2 
720 
299 280 
279 
378 790 
865 
431 400 
840 260. 
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Lamberts Point; the proposed Chesapeake and Ohio 
port News, and Railway pier Sewells Point, 
‘are constructed for purpose meeting requirements which the 
ordinary gravity types and the mechanical are well 
adapted, and, therefore, they form class themselves 
These, course, be, constructed locations which also 
favor the ordinary gravity types the simple car-dumping machine, 
but, under conditions, ‘there apparent economy construct- 
ing combination plant composed dumping machine and grav- 
ity pier, when either one alone would serve the purpose. 


The selection type gravity pier should not made until 


the relative merits for the local conditions have been fully determined 
the manner indicated the preceding discussion. merely 


matter adopting the plans some pier which in’ 
the tendency too often prévails present, matter 
which involves most thorough consideration the dimensions and 
the vessels loaded, the required maximum daily 
capacity, the probable future developments, the local conditions which 
affect approaches, grades, track layout, ete., and finally the preparation 
design which will meet these conditions economically. 

The selection type mechanical plant also, the case 
gravity plant, not merely matter fancy adoption type 
already built, but one efficiency for conditions met, and 
requires the same careful study controlling conditions and economy. 
rule, mechanical plants heretofore have not been installed where 
conditions are equally suitable for the construction gravity plant. 
There feeling, more less unfounded, against too much machinery, 
and this feeling prejudices operators against such types; nevertheless, 
their utility strongly indicated, and their economy beyond doubt 
certain locations, regardless the question individual feelings. 

indicated the previous discussion, the combination mechan- 
ical car dumpers such those and under 
construction Norfolk comprises special class plant 
adapted which render the construction 
ordinary car-dumping machine. impracticable. 
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The type the proper determination 
its relative merits meeting the following conditions: 


tion. 

(2) The delivery coal without breakage ‘an extent 
objectionable the users, 

(3) The simultaneous delivery several vessels one both 

(4) Hourly capacity such give prompt 


ing, 
Economical cost per ton coal output. 


has been shown that the car-dumping machine, Type B2, the 
most economical cost per ton coal output, but can coal only one 
vessel time. The vessel, large one, must moved 
bring its hatches within the range the chute, and must taken 
away from the pier before another vessel can These disadvantages 
should weighed against its economy, and, where conditions 
require the simultaneous loading several vessels, this type not 
suitable unless more than one machine installed, and this can 
done only the sacrifice considerable 

has also been stated that the mechanical plant, Type B4, com- 
posed fixed car dumper and movable-tower car dumper, though 
not economical the fixed car dumper alone, more economical 
cost per coal output than either the locomotive power 
incline types. has the advantage coaling to. two 
boats, one which may large collier, and both boats may kept 
moored the pier while being coaled. There are plants this 
type operation, far the writer knows, but practicable type, 
and worthy consideration. 

has been shown, that, when the ean, constructed 
power incline slightly than the 
incline type, but, the local conditions, are require loco- 
the, coal,cars yard the barney, then 
this type not economical the locomotive but has 


contracted, 

general proposition, where the location will ‘permit, its 
construction, vessels coaling cars are moderate height, and 
where the capacities are between and cars per hour, the locomo- 
tive incline type has proved more satisfactory than any the others, 
account the simplicity its construction and freedom from 
heavy complicated machinery. 


AND 


After having which type pier has preponderance 
merit for the local situation and the conditions under which 
obtain the greatest possible efficiency and economy consistent with the 
type selected. 

best results cannot obtained copying the plans some 

pier, because most piers thus far designed have defects which 
impair their efficiency, and though some cases the defects design 
been remedied after the piers have been placed service, the 
original plans ‘all’ probability remain unchanged. 

The proper determination heights, lengths, widths, number 
tracks, switchbacks, construction bins pockets and chutes, 
ete., though usually ‘as details the design, are just 
essential for effective operation the plant the design 
the carrying parts for the safety the structure. 

the so-called details have rather fally discussed herein, 
ever, may briefly summarized, 


‘The height pier above mean should from 
ft. above the highest hatches vessels coaling the 
port, and will depend the type and the storage 
capacity the bins. 
England Coal and Coke 


should 

Switchbacks ‘are pivot tables, con- 
ing conditions weather temperature. 

Tops pockets bins should have length ft. 
and width least ft., for receiving coal from either 
hopper gondola car. The slopes should not less than 40° 
from the horizontal, and preferably 45°, with leads the 
chute designed that they will not form wedge the 
pocket outlet. pocket free from sharp corners, and con- 
structed lines curves rather than angles will permit 
the coal flow more freely. 

Metal chutes with adjustable legs the pier connection, 
similar type, are superior the simple hinged chute. 
Where electric power available, and the pier has large 
output cargoes various sizes, the adjustments should 
controlled motors. For free flow coal, the inclination 
the chute from the horizontal should about 40° for 
bituminous coal. Chutes with telescopic legs the discharg- 
ing end cause less breakage coal than other types, and 
require less trimming. 


The question whether the construction shall temporary, 
partly permanent, wholly permanent one policy, large 
extent. most the piers, both substructures and superstructures 
are temporary construction, and all gravity piers thus far built are 
temporary construction back the bulkhead. Temporary work 


the least expensive first cost, but less economical than either 


partly permanent wholly permanent construction, the total cost 
per ton coal output will the highest when interest, depreciation, 
and maintenance are taken into consideration. 


pier should: properly designed, not meet requirements 
and maximum hourly. output, but the very probable 
are now designed for handling coal cars 
temporary should all means substantial and simple 
character, and, most cases where probably meet condi- 
tions for period years, true economy. construct all 
work from the bulkhead the sea end, for both and super- 
structure, permanent manner, even the approach trestlework 
and empty return temporary construction. 
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PIER CONSTRUCTION 
YORK HARBOR.* 


INTRODUCTION. 

The present general port activity and agitation 
and expansion the dock and wharfage system New York City indi- 
cate that last the community the necessity, 
keeping its plant, the harbor, date the: 
notch efficiency. 

has been said that “all roads lead New was this 
more to-day. New York world’s greatest 
port, its greatest factory, and its largest department 

There can question that New York City’s 
manufacturing distributing ‘center due wise adaptation 
magnificent’ phenomenal increase the size vessels, 
nage harbor, both demand determined action port de- 
velopment. 

Europe Therefore, will undoubtedly receive ad- 
ditional impetus commerce and shipping the completion 
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the Panama Canal. Further, the completion the New York State 
Barge Canal, will have direct all-water route the Great Lakes and 
New England commerce. 

Far-sighted public men foresee that New York destined be- 
come the world and/industry, and realize that 
must prepare for the future intelligently broad lines, permitting 
gradual expansion commercial necessity. 


GROWTH AND THE 


this harbor activity, will interest both the 
harbor, such fitst ‘systematically undertaken the 
City, when, 1870; the Department Docks was organized for this 
purpose, and show the types pier construction evolved. 

York, instrumentality the Department Docks, must 
borne that, its early the Department was greatly 
handicapped its progress the fact that the City actually owned 

the organization the: Department Docks, give corporate in- 
the present City outside Manhattan, the object and making 
such being that such under water would 
sufficient incentive for the in: the develop- 
ment the port. 

The hopes;of the: State were fully they 
fulfilled that when the port authority, created the 
growing commerce, found but little actual water-front 

work providing fer proper the harbor the 
fact that, through their, sagacity and good judgment, the number 


i 


There has accrued, the City, return its investment 
round figures about per annum, the 
capital 000. 

will that, the outset, the Department Docks, 
that proper growth and.expansion the harbor under 
trol the acquisition and control property; 
and since organization the Department Docks, this been 
the foHowed the: City. 

When, 1870, the municipal authorities undertook the burden 
increasing the wharfage facilities ‘the harbor; and procuring funds 
determine some type construction, both re- 
gard pier proper and also the general location with 
available shore front, whereby the wharfage 
accommodation could developed without’ excessive prohibitory cost. 

funds and the extent water-front 
lands under the control: the City called for the greatest 
obtain the greatest possible extent wharfage. 

Bond issues applied the development wharfage had 
show the same return the investment, when executed the City 
authorities, these finances were handled private parties cor- 
porate interests. Therefore, what might termed the “principle 
expenditure land and funds” was, necessity, followed, 
and this principle was genérally adopted private interests well, the 
intensive use the water-front resulting the adoption 
allel piers generally ‘tight angles general direction the 
water-front, with intervéning slips wide enough vessels 
the type intended berth the piers. 

This parallel system econotnically constructed with its re- 
space occupied and capital was un- 
‘the greatest factors the development 
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and expansion the wharfage facilities the harbor, keeping 
has also created far the greatest wharfage space any harbor 
world, 

ported timber piles, became the adopted was cheap, dura- 
most important characteristics piers this type! ease 
and economy with which may removed entirely, reconstructed 
needs commerce and shipping. dock system docks sufficient 
accommodate the shipping the time was built, might found 
inadequate and obsolete within comparatively short 
years, complete re-arrangement being then necessary. 

With. timber structures, this transformation 
simple, rapid, and economical undertaking; difficult and 
with stone, concrete, steel, The use concrete piles, 
concrete similar forms construction, 
therefore, would not only high first construe- 
tion, but the difficulty expense incidental the periodical removal, 
reconstruction, expansion dock structures this type, 
sitated. from time the growth have 
rendered harbor, construction work, municipal 
investment, practically impossible, and, consequently, would have greatly 
retarded the development. the harbor, 


Types 


The United States Government, virtue its power control all 
navigable waterways the country, established along the entire water- 
front shore line New York Harbor two one the bulkhead 
line, which limits the extent the solid filling reclaimed 
land under water; the other, the line, which determines the 
limit which piers may extend beyond the bulkhead line. These piers 
must such construction that the free flow the tidal 
remain uninterrupted the supporting This construction, 
being condition, wisely insisted the preserve 
tidal conditions and governs, great extent, the handling 
vessels, particularly large ones, and affects the sanitation the City, 
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occur closed slips. With open slips, such matter 
the area included between the bulkhead and lines. 

The pier which meets these and 
(and also adopted all interests), wooden 
structure throughout, consisting deck resting into 
the hard bottom, physical features the 
geological formation the bottom, and the condition water, 
parts the world, not adaptable because the the 
timber itself the water would not, or, fairly, 
evidence, and, therefore, wooden practically permanent below 
the water-line almost all New York Harbor. 

The prominent objectionable feature pier, construction 
the expense necessitated the deck sheathing 
and the continuous wear and tear the fender system extending along 
the sides and the remainder the 
structure, piles, floor system, maintenance and very 
economical and consists generally the replacement, from time time, 
here and there, decayed portions the timber above water 
only, inconsiderable expense. 

eight years ago, the piers were with 
decks yellow pine, in, thick, laid yellow pine floor 
diagonally right angles the deck wearing 
surface for the traffic. 

finds its way the:underlying deck forms: the 
greatest item incident the expense pier the average 
life sheathing most busy piers being about re- 
17% the the deck sheathing ‘is 


repairs would per ‘the cost the en- 


New Pier 


sheathing the wooden pier, parts the remainder the 
caps, ‘stringers, ‘piles, ‘and excellent ‘service. 
Maintenance the average lifé the structure above miean 
low water litie from years, the repairs’ aggregating 
entire renewal above low water period the life 
the piles supporting structure practically permanent when 
below the water, the entire structure rebuilt after this pe- 
practically new “bench capping” such piles may 
decayed above the line and renewing the stringers, caps, deck, 
sheathing; other words, the pier structure proper, after life 
years, readily renewal above the water line, the support- 
ing piles below that line all intents and purposes permanent. 

will readily seen that life the wooden pier structure 
would prolonged still further, and the cost maintenance and 
pairs ‘reduced, the elimination the objectionable wooden deck 
moisture and resisting wear and 

was with the eliminating this large repair expense in- 
cidental the maintenance the sheathing, and reducing mainten- 
ance cost generally, that the Engineering Bureau the Department 
Docks and Ferries, under the direction Past-President, 
Am. E., then Commissioner Docks, about seven years ago, 
began serious investigation and study the problem 
manent below the’ water line. 

This study has resulted the entire elimination the old style 
wooden new structures, produetion new type 
spanning the pile bents practically simple beams. 

deck ‘eliminates not only the deck 
pine ranger system longitudinally the pier top transverse 
cap system, further the life the substructure. 


2.—-TENSION REINFORCEMENT AND TEMPLATES FOR HOLDING IN POSITION. 


Fic. DECK AND REINFORCEMENT. 
. 
if 


ij ¥ ‘ 
‘ 
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was evolved which had permanent deck practically 
impervious: the penetration moisture the substructure, 
renewable from low water the under side the conerete deck, and 
below the water line, with cost about equal that 
wooden deck pier. 

The first: step elimination the great cost factor, 
newal the deck sheathing, was the this 
concrete wearing from in. thick, laid directly old 
type timber decking. This type was used the North German 
Lloyd and Hamburg American Steamship Companies the 
piers, the result being surface which im- 
pervious to. moisturé and urine, and, therefore, protection the 

measure the size the the outer portions, the sides, and 
smaller pier, and, therefore, cost more both labor and material, the 
relative cost per square foot larger than 

deck plank, sheathing, wooden floor rangers, 
and the adoption the present type pier deck, before men- 
tioned, consisting concrete slab, 103 in. thick, exténd- 
ing from center center the: transverse pile rows placed 
10, ft. apart.. This slab carry live per 
sq. ft. 10-ft. span between pile and reinforced with 
in. apart, and are staggered that only alternate rods terminate the 
Portland concrete, with broken stone, the in. 
the slab being Portland cement mortar finished smooth. This rod 
reinforcement intended standard, but the substitution trade 
sizes equal strength and efficiency permitted, subject approval. 

Definite this type pier found 
the two new recently completed the Department Docks 
and Ferries the Gowanus South Brooklyn, one the 


the world. The unit cost practically the that 
wooden deck type. The decks have crown 
count changes temperature. 

Twenty-six concrete decks have been built 
face reinforced with expanded metal and laid directly déck 
planking. The next type produced omitted the deck plank, and 
resented eight piers with. decks consisting slab, in. 
with expanded metal, the slab spanning’ 
apart. 
The final type evolved, omitting the timber floor system entirely, 
placing slab reinforced with longitudinal 
the timber-capped transverse represented eight 
the most important examples being those the foot 83d 
Streets, South Brooklyn, Pier Staten 

All these piers have been built where condition ‘the river’ 
underlying them was such settlement could 
they have behaved admirably. repairs have been except 
excepting the renewal here and ‘pile, where Tot 
may appear above the water Such renewals 
any interference whatever the integrity the 
itself, 


support, the; question been the same 
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other parts the structure, that is, adding the necessary num- 
ber piles carry the load concentrations, assuming the piles 
permanent below low water and easily renewable above that plane. 
Where heavier concentrations as, for example, double-deck 
two-story sheds, the piles are cut off near low water and covered 
with timber grillage; built this grillage are reinforced concrete 
pedestals, extending the deck level, carry the shed columns. 
Railroad tracks, being requirement the South Brooklyn piers 
previously described, are carried four lines 15-in. steel 
placed the transverse clamp system the pile rows and extending 
from the inshore end the pier sheds within ft. the outshore 
shed wall. The beams rest steel saddles placed the clamps, and 
are entirely encased concrete. 


TABLE 1.—Cost MAINTENANCE AND 
Average Cost Construction Wooden Deck Piers, $1.00 $1.15 
per Sq. Ft. 


Repair Costs Deck 


Description. Renewal required. Remarks. 


of tota 
original cost. 


de dus such 1.8 |Every 8 years 
Fender 4.7 |Every 12 years. 
50% in every 20 years. 
50% in every 20 years, 
every years. Above L.W. only. 


Concrete Deck 
Cost construction, 31st Street Pier, 
South Brooklyn, asphalt surface, $0.87 per sq. ft. 
Cost construction, 33d 


Economy being prime factor its construction, was decided 
try out the concrete deck surface for wear and tear heavy team 
traffic, and the earlier decks, therefore, were finished with smooth 
mortar surface receive this traffic. Two years experimenting 
these lines, determined the fact that though the concrete surface was 


| | 
| 
| 
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admirably adapted light traffic, cargo handling hand motor 
trucks, ete., could not stand the concentration heavy team 
confined within narrow lanes located generally the center the pier. 
The grinding and turning heavily laden trucks inside these narrow 
lanes zones gradually caused surface rupture the top coat 
mortar. was decided, therefore, place asphalt wearing surface 
the deck, and this has proven very effective. 

The piers the foot and 33d Streets, South Brooklyn, have 
been service for about years. signs other im- 
perfections have appeared, and the piers whole are complete 
success, 

Repairs. 


For the modern type concrete deck pier, the cost maintaining the 
fender system about the same that for the wooden pier; deck 
sheathing repairs are practically eliminated, except such minor as- 
phalt patching may required, and can considered negligible 
good asphalt deck under cover; the deck plank eliminated; the 
life the ranger and cap system prolonged the protection from 
moisture given the impervious concrete deck, and the cost 
maintenance and repairs, therefore, reduced minimum. 


From the foregoing will observed that the problem which con- 
fronted the Department was the elimination the timber deck and 
deck-supporting structure ‘the wooden pier, the substitution there- 
for some permanent form construction meeting the following 
quirements: 


(a) Economy cost construction and the unit 
cost such produce make possible remunerative 
return the capital invested. 

(b) The construction such character readily ex- 
tended, reconstructed, re-modeled, or, necessary, entirely 
removed, more intensive development the area occupied 
the pier system piers might made necessary the 
growth commerce and shipping. 


From what has been stated the following conclusions 


duced: 
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First. Admitting that timber piles and foundation work are gen- 
erally permanent below the mean low water line New York Harbor, 
the Department Docks and Ferries has met the requirements the 
problem producing piers having the following characteristics: 


(a) The deck absolutely permanent; 

(b) The substructure, above mean low water, easily and cheaply 
repaired and maintained; 

(c) The supporting part, below the water line, permanent; and 

(d) The resulting structure such that can readily extended, 
reconstructed, or, necessary, entirely removed cost not 
prohibitive, would the case, for example, with most types 
reinforced concrete deck-supporting structures. 


Second. That the Department has produced permanent parts the 
structures where these are essential. attempt was made obtain 
absolute permanency above low water, the structure supporting the 
deck, for the reason that, 


Third. This portion the structure, the caps, piles, braces, ete., 


protected they are from saturation urine and other objectionable 
fluids the concrete and asphalt deck forming protecting roof, can 
maintained good condition very low cost. 

Fourth. The type structure produced, approximating permanency, 
now being built the Department first cost greater than 
that the former type wooden pier throughout, and the cost 
repairs and maintenance the deck structure entirely 
eliminated. 


The phenomenal growth commerce and shipping New York 
Harbor, producing constantly the need for additional wharfage room, 
has necessarily resulted projects for dock and wharfage improve- 
ments covering extensive portions the water-front and involving 
enormous amounts money. 

such development should made revenue-producing, follows 
that cheap type pier construction, low first cost, long life, 
and economical maintain, one the fundamental factors deter- 
mining the extent the improvements undertaken not only the City 
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New York, but private interests well. 
follow when smaller cities are considered. 


This does not necessarily 


Compared with the vast amount money necessary for the com- 
prehensive development the port, the sums required for similar pur- 
poses other ports the and Pacific seaboards the United 
States are very small, fact, many cases, comparatively insignifi- 
cant. Harbor improvements these ports are generally confined 
limited area extent water-front, and consist usually few piers 
bulkheads. Their aggregate cost such that, even not revenue- 
producing, the investment often well within the financial capacity 
the municipality and wisely undertaken reason its effect 
stimulating existing trade and attracting new shipping business, produc- 
ing what might called “indirect revenue.” This has often been the 
incentive inaugurating harbor improvements these minor ports, 
and has resulted, some instances, absolutely 
such great expense that remunerative return the capital invested 
highly improbable, not impossible; other words, the benefits de- 
rived are being consummated too great cost, even when considered 
from the point view “indirect revenue.” 

Notwithstanding the many desirable features this new type 
pier construction, has not been generally adopted, though many in- 
quiries and requests for plans and descriptions the type and method 
construction have been received and replies made thereto, pointing 
out its proven economy first cost, repairs, and maintenance. New 
York Harbor, however, presents number examples similar types 
deck piers adopted private interests, notable among which 
are: The reinforced concrete deck pier built the Central Railroad 
New Jersey Communipaw, J., 892 ft. long and 131 ft. wide, used 
for railroad freight, tracks being laid the pier deck; the pier under 
the United States Lighthouse Board Reservation 
St. George, Staten Island; and two piers now under construction 
the Brooklyn Navy Yard. The design the latter, particularly, 
presents admirable combination concrete construction, 
surmounting the wooden pile and grillage supporting foundations near 
low water, resulting practically permanent pier economical 
first cost. 

When reinforced concrete piers have been built other ports along 
the coast, the attempt absolute permanency, stated above, has gen- 
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erally resulted prohibitive first cost, when considered business 
proposition requiring interest the capital invested. 

Where the life the wooden structure below the water not en- 
dangered wood-borers—in other words, where can considered 
permanent—the difference between elaborate reinforced con- 
pile and deck-supporting structure throughout, and structure 
the type herein described, represents practically that amount money 
uselessly wasted. 

Further, open question whether the rigidity reinforced 
concrete structure throughout would not deteriora- 
tion such structures, particularly below the water line. The shearing 
action the impact large ocean-going steamship with pier this 
rigid type might cause dangerous condition the entire structure 
repair overcome; even shocks tending break the concrete 
surfaces piles.and substructure would admit sea water with its con- 


sequent destructive chemical action and freezing cold weather. 

the other hand, the timber and pile substructure, with its 
flexibility and elasticity, acts, considerable extent, shock ab- 
sorber, dissipating the effect both the vessel and the pier, consequent 


the impact the collision more less violent contact with the 
occurring when warping vessels into their berths. 

The personnel the Department Docks and Ferries, present 
constituted, follows: Mr. Smith, Commissioner; 
Bureau Engineering: The writer, Chief Engineer; Hoag, 
Am. Soc. E., Deputy Chief Engineer; and Betts, Am. 
E., Assistant Engineer, charge design. 
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DISCUSSION 

Staff the Department Docks and Ferries New York City has 
evolved novel and effective type pier, without introducing any 
drastic departures from generally accepted methods construction. 
Composite structures which reinforced concrete used are common, 
but reinforced concrete decking timber pier, detailed the 
paper, less common, and, many cases, would need special justifica- 
tion reason the great difference which generally exists between 
the life work and that timber structure set water. 
New York Harbor, however, there special combination con- 
ditions, which, rule, does not occur elsewhere, and makes the 
composite piers described admirable solution the problem 
providing wharfage space economically. 

The figures Table show appreciable saving first cost 
the adoption the new construction, but direct figures are given 
the relative maintenance costs. Inasmuch reduction the 
latter cost often greater importance than small saving first 
cost, the writer has endeavored arrive some relative figures from 
the data the paper. From Table has obtained deduction the 
figures Table 

The author claims that, with the concrete and asphalt decking, re- 
pairs sheathing and decking are practically eliminated, and that 
repairs rangers and caps are reduced considerably. This gives the 
approximate figures Table 

This total only about 46% the total annual cost mainte- 
nance the timber-decked piers, considering only equal capital ex- 
penditure. Inasmuch the average cost per square foot for timber- 
decked piers $1.07, and for $0.97, follows that the 
average annual costs per square foot for maintenance are: 


For wooden deck piers......... $1.07 0.0515 $0.055 
For concrete deck piers........ $0.97 0.0234 $0.023, 


showing reduction 58% the use concrete. 

this deduction correct, obvious that very great economy 
may effected when large areas timber piers have dealt with. 

One feature the composite pier construction has been omitted 
the author, apparently owing the fact that sufficient time has not 
yet elapsed enable the requisite experience obtained. 
necessity for fairly frequent reconstruction and removal piers, 
portions them, emphasized the paper, but evident that 
the demolition reinforced concrete decking, though probably less 
troublesome than the removal concrete piles and bracing, 
still considerably heavier and more expensive undertaking than 
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the removal timber decking. cases where there much 
alteration arrangements this might reduce very considerably the 
economy obtained the use composite piers. The writer would 

glad learn whether there are any data this subject. 


TABLE Costs WOODEN DECK 


Number Percentage 
years required| of average 
for complete annual cost 
renewal. renewal. 


Percentage 
Description. total original 
cost. 


Sheathin 

Backing log 

Fender chocks, including vertical sheathing. 


TABLE 3.—REPAIR CONCRETE DECK PIERS. 


| Percentage of 
Description, average annual 
renewal. 


Sheathing and decking 0.05 (say) 
Backing log 0.23 
Fender chocks, etc 

Fender piles 

Bracing 


Total annual cost renewals, averaged over years 


Possibly additional economy might obtained reducing the 
deterioration the piles. Table will seen that renewals 
piles form the largest item, namely, 0.58% per annum. may 
presumed that, the destructive agency marine boring insects 
absent, the main deterioration the piles the decay 
place the alternately wet and dry surfaces between the extremes 
tidal range. might worth considering whether saving could 
not effected old piles concrete for sufficient length 
prevent further decay. casing moulded concrete slabs, suit- 
ably reinforced and filled with concrete, can fitted around pile 
very little cost, and sufficient retard almost indefinitely its 
deterioration. This method has proved effective number 
instances, 


1.8 
4 | 10 
4.7 
Total annual cost renewals, averaged over 5.15 
0.50 (say) 
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pier construction American ports somewhat limited, and engi- 
neers are frequently the dark practice the larger shipping 
centers, this paper will appreciated those having with the 
construction maintenance wharves and piers. American engi- 
neers have been criticized frequently for the adoption what appears 
temporary expedient the way shipping facilities, even 
the larger ports. The analysis given this paper will explain many 
the questions why the particular type pier construction com- 
monly used New York Harbor was adopted. 

New York City unique regard local conditions which favor 
the use timber the construction piers. Though the cost 
timber has been advancing from year year, and will continue 
until the figure reaches point where other materials will have 
used from economic standpoint, the substitution concrete for 
the deck the pier has enabled the cost per square foot kept 
within the limits that the former structure built entirely wood. 
the same time considerable economy has undoubtedly been secured, 
far maintenance costs are concerned. 

seems the writer that still further economies maintenance 
costs might secured the use creosoted timber piles and caps, 
avoid the renewal upper portion the untreated 
piles and maintain fairly stiff structure. There possibility 
that bench-capping throughout the structure may weaken its resistance 
impact from vessels striking the pier. Another advantage 
secured the use treated timber would insurance against the 
action sea 

Fortunately, the present time, New York surrounded water, 
the impurities which not permit the navalis other 
sea worms exist. Conditions may change, however, and, the East 
River particularly, much harm might result from the removal sewage 
and other wastes which keep the water impure. The great quan- 
tity fresh water the North River would probably make the 
danger from worms more remote, even the impurities were largely 
removed. The writer believes that this explains why timber piles are 
not affected the immediate vicinity New York. experience 
which had some years ago railroad construction work along the 
Connecticut shore showed that yellow pine timber could not kept 
intact much longer than one year. Certain piling was removed four- 
teen months after had been driven and, with the exception core 
the center the piles about in. diameter, was found 
riddled worms. This would seem show that, but for the impurities 
the water, the same thing would take place the untreated timber 
piers New York Harbor. 
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The adoption all-concrete piers probably quite remote for New 
York. The uncertainty the life and durability plain rein- 
concrete piles sea-water makes inadvisable invest 
large amount capital such structures until their durability 
proved beyond the present time believed that, 
impermeable concrete can secured, there will little ques- 
tion durability, but practically almost impossible secure this 
class work. The question rigidity and the inability concrete 
structure withstand shock seems serious one, but 
mountable. Some the piers constructed along the Pacific 
Coast and elsewhere have special provision for absorbing the impact. 
scheme, which appears have worked fairly well, consists 
number steel springs quite similar those used freight car con- 
struction, placed along the edge the deck, with long distributing 
timber instead the usual fender construction. other places the 
conerete construction has been faced with line spring piles ar- 
ranged that the piles absorb the shock before the bearing comes 
directly against the concrete deck. Even with the timber type pier 
construction, quite necessary rigid structure, particularly 
where the pier covered permanent superstructure some size. 

One interesting point brought out the author the develop- 
ment the water-front from distinctly business standpoint, that is, 


the basis that all expenditures for improvements shall return 
reasonable rate interest the investment. This has not always 
been the rule the case expenditures for works, for which 
funds are apparently more easily than for private enterprises. 


Harrison Esq. (by Staniford’s invitation 
present written discussion this valuable paper accepted the 
writer, perhaps with little hesitation, feels that may 
“rushing where angels fear tread.” full discussion the 
dock problem would extensive and would lead into many 
phases that would impossible cover the subject thoroughly 
single article. Mr. Staniford treats only one special phase the 
problem. For several years the writer has been making deep research 
and study the whole subject, not only developed foreign coun- 
tries, but worked out thus far domestic construction. The results 
this research are being compiled rather extensive treatise 
make the entire results this research part this discussion, the 
writer will state simply few the facts, therein recorded, order 
bring out the different phases the subject. 

Those who have studied the subject are doubt aware that 
the first and most important question that confronts the engineer 

the practicability using concrete sea water. There can 
denying the fact that, attempting make such use con- 
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there have been many disastrous failures. These have been due 
not much the design the structure the use unsuitable 
material and improper methods placing the concrete, which too 
much stress cannot laid. 

For structures sea water, the whole subject reduces the im- 
portance obtaining cement which possesses the inherent property 
resisting the disintegration due the chemical action magnesium 
and the sulphate contents ocean water the alumina compounds 
the cement; and also obtaining impermeable concrete without 
the use any the water-proofing compounds. Such 
cement must low alumina and high silica; should 
slow-hardening but quick-setting type, and also fine pulverization, 
with free lime. From the great success obtained the use 
foreign cements structures placed sea water, very evident 
that the German manufacturers solved this important question long 
ago. From the large number various ideas which one reads 
American technical papers, would appear that the manufacture 
domestic cement suitable for use sea-water concrete the 
embryonic stage, the ideas the facts the question being almost 
numerous the different brands cement. 

Although the average concrete engineer the chemical composi- 
tion and physical structure the stone, sand, and gravel for use 
proposed sea-water concrete structures would seem minor con- 
sequence, fact that such questions must given the greatest 
the utmost importance that such concrete should have maximum 
density. Thus the mechanical combination the sand, stone, 
gravel should known, and modified suit conditions the work 
progresses. Far better results will obtained using hard trap 
rock than gravel. 

The next. phase the subject that confronts the engineer the 
design. designing new type structure one naturally investigates 
first what others have done along similar lines. Generally speaking, 
America the very early stage, only natural 
that forested country should the last take the development 
concrete docks. When the extensive reinforced concrete docks 
England, France, Spain, and other European countries are investigated, 
appears that this class construction passed the experimental stage 
long ago. Especially this England, where the art has reached 
degree perfection far advance that any other country; 
such degree, fact, have become almost standard for other 
parts the world. review the English concrete docks shows that 
some have been successful operation for eighteen years. Their main- 
tenance cost reported exceedingly small. France, Spain, 
Italy, South America, and other foreign countries, concrete docks are 
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found, and their number increasing rapidly. re- mr. 


gretted that time will not here allow detailed discussion such 
important part the subject. 

After the engineer has satisfied himself what has been done, 
the question his own design stands out before him. There 
doubt the writer’s mind that the average concrete engineer per- 
fectly capable designing concrete docks one type another 
which will more than fulfill the requirements for which they, are in- 
tended; but, making this design, the question is, what will the 
cost the dock? Thus the design problem reduces itself ques- 
tion cost and the cost problem question reducing mini- 
mum the quantity concrete, reinforcement, and all other material, 
including forms, without diminishing the strength the structure, 
arrangement beams, slab otherwise, which will result 
most economical and practical method construction. 

unnecessary impress the members this Society 
the fact that the cost the design for structure but little 
comparison with that the material that goes into and the 
necessary labor incident its construction. axiom, the most 
economical form concrete construction manifestly that which 
all secondary stresses are reduced minimum and all material 
performing its utmost duty. 

The next phase is, what type construction shall adopted for 
the concrete dock, order comply with the foregoing truisms? 
Shall the dock engineer recommend full, out-and-out, reinforced 
concrete and structural steel dock, worked out San Francisco 
and later adopted the United States Government for its concrete 
docks the Philippines and Puget Sound Navy Yard? shall 
recommend driven concrete pile with concrete beam and slab-deck 
type construction, common foreign countries and also found 
among American concrete docks quite large extent? the other 
hand, has the option proposing dock either 
two types: (1), wooden piling, plain, creosoted, concrete pro- 
tected, with concrete deck; (2), reinforced concrete driven piles with 
wooden decking. Right here Nature introduces another difficulty— 
the destructive teredo and other marine borers. 

fresh water perfectly feasible adopt untreated wooden 
piles, with concrete deck. New York Harbor, Mr. Staniford 
cites, this type construction can made success because the 
sewage destructive the teredo such waters; but, the waters 
the South States, the Gulf States, the Caribbean Sea, and 
the whole Pacifie Coast, conditions are met which have over- 
come different type construction from that worked out 
ingeniously under the author’s supervision. 
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Another side the subject the comparison wooden with 
piles, with reference load-carrying well cost and longevity, 
concrete pile will carry approximately three times great load 
wooden pile, and, under favorable conditions, can put place 
for about three times the cost creosoted wooden pile, would 
not appear, view the possible long life concrete pile sea 
water, that semi-concrete dock—concrete piling and wooden 
can built reasonable cost.compared with out-and-out wooden 
dock? other words, teredo-infested waters, where wooden pile 
dock has life about years, concrete will last, sup- 
posedly, for whole generation, not longer. 

Though the chemical and engineering sides the problem have 
their weight, the most the subject, the final 
analysis, finance. When careful analysis the relative value 
initial cost, annual depreciation, fire insurance, bond issues, interest 
bonds, and sinking funds considered, the results are such 
astonish even those who perhaps may well posted other phases 
the subject. Such analysis will show that, whereas wooden 
dock appears most economical type with which start, soon 
becomes expensive structure keep condition and all 
the overhead charges, especially such dock built bond issue, 
the life which exceeds the life the dock, thus resulting 
overlapping bond issue case the dock rebuilt. The evils attached 
such systems financiering have been brought home most forcibly 
connection with former paving work New York City streets and 
with other public improvements. harbor development experts 
fully master the ins and outs the financial side the concrete 
versus wooden dock problem, they have another step take per- 
fecting themselves their special line work. 

Perhaps the most interesting phase the subject, the writer 
looks it, the Mr. Staniford has dealt entirely 
with the designing side the problem, the writer does not feel lib- 
erty into this phase the question. one whieh doubt 
many engineers are deeply 

With this general review the whole concrete dock problem before 
him, was with deep interest that the writer read Mr. Staniford’s 
paper and studied the construction his department 
has evolved from the old-fashioned wooden pile, wooden deck docks, 
process true elimination, with each carefully before 
taking the next one. the author states that twenty-six such piers 
have been built during the last years, and adds have behaved 
admirably, leaves only small loop-hole for injecting any adverse 
criticisms first-hand nature, was during the later stages 
the construction period the Chelsea piers that the writer had 
opportunity witnessing dock work New York City, although previ- 
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ous that time had been resident New York and vicinity for mr. 
about years. 

studying the author’s design, the writer could not help 
paring with the so-called Cattle Dock constructed 
wooden piles and wooden bracing, but. with concrete beam and slab 
decking. Mr. Staniford states that his type semi-concrete dock 
has not been generally adopted other ports, would seem that dock 
engineers hesitate build permanent structure more less 
temporary foundation, especially temporary teredo-infested waters, 
spite the many excellent qualities claimed for this type, re- 
spects the Port New York. 

When the life wooden structure below the high-water line 
not endangered wood-borers, quite true that wooden-pile, 
dock can built for most economical figure; but, 
how many our important harbors are free from the wood-boring 
pest? would interest know the probable cost Mr: Stani- 
ford’s type dock the wooden part the structure were replaced 
with concrete piles and concrete cap were 

feature in, Staniford’s illustration attracted writer’s 
attention was the thickness the concrete deck-slab, as, general, 
appears nearly that well-known flat slab system. 
the principle that dock structure carrying heavy floor loads, 
essential to. adopt substantial type construction. Still, the 
writer would like ask the author whether would not possi- 
ble make his dock economical and just strong using 
shallow type beam with wider bent spacing, the lines the 
so-called “Floretyle thus bringing the design into ac- 
cord with the truisms and axioms previously stated? does 
depend his heavy concrete floor slab obtain sufficient 
his dock help resist the lateral thrust from large steamships 
lying alongside? Not that the writer has any connection with the 
“Floretyle construction,” but deeply interested finding the 
greatest number ways reduce minimum the material needed 
concrete dock without decreasing its strength, 

Another question: Would not possible design concrete 
pile dock with concrete caps and shallow beam decking which would 
prove fully economical that shown Plate VI, when 
such questions depreciation, fire insurance, taxes, interest invest- 
ment, are taken into consideration 

first would appear that the type docks shown Plate 
was lacking cross-bracing, and that the lateral from 
the pounding vessels would crack the conerete deck. Mr. Stani- 
ford states that cracks other imperfections have yet appeared, 
perhaps the heavy 103-in. slab acts such way distribute any 
local lateral over wide area. Still, the writer would inter- 
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ested seeing the results one the South Brooklyn docks were 
accidentally rammed steamer moving under one bell. 

Mr. Staniford speaks the objectionable feature the rigidity 
complete concrete structure. concrete possesses elasticity, 
how does the flexibility his wooden piles prevent the concrete deck 
from cracking under the lateral blow from vessel? 
the author shows only short length piling Plate VI, 
gives idea the depth the water which these semi- 
docks are built, whether shallow depth, with short unsup- 
ported lengths piling and the slip dredged out, whether the depth 
uniform, such 20, 30, 40, 60, 70, even ft., Seattle 
Harbor, and that, too, within 700 ft. the bulkhead Such 
excessive depth might not give dock this type the same rigidity 
obtained the shallower harbors the Atlantic Coast. Thus 
might not suitable for deep harbors. 

Table contains data great value; the only statement its 
kind the writer has found his prolonged research. would appear 
from this table that the average annual cost maintenance and re- 
pairs for New York City docks about 11% their total cost. 
Puget Sound waters, the annual depreciation creosoted pile dock 
fixed the valuation experts 10% its initial cost. fresh 
water depreciation quoted. good merchantable dock 
timber can had, site, Seattle for about $15 $16 per 
thousand, with cement carload lots per bbl. the site, 
comparison cost Eastern dock with lumber dock built 
Puget Sound waters perhaps not exactly equitable. Again, New 
York docks not need concrete treated piles those Puget 
Sound. the prices per square foot quoted Mr. Staniford for the 
two South Brooklyn docks are practically the same costing 
build the new public docks (wooden creosoted piling and complete 
wooden decking) Seattle for deep-draft ships, view the longev- 
ity the New York type docks, the comparison striking. 
the more remarkable because the under-water part the South 
Brooklyn dock will last many decades longer than will the creosoted 
piles driven the Puget Sound and other teredo-infested harbors. 

Mr. Staniford states: 
“The attempt absolute permanency has generally resulted 


prohibitive first cost, when considered business proposition 
requiring interest the capital invested.” 


also says: 


“Tt has resulted, some instances, absolutely permanent struc- 
tures such great expense that remunerative return the capital 
invested highly improbable, not impossible; other words, the 
benefits derived are being consummated too great cost, even when 
considered from the point view 
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perhaps true that when attempts have been made absolute Mr. 
permanency other ports than New York, the general result has been 
excessive and perhaps prohibitive first cost, prohibitive the past, 
except our largest seaports. Still, full docks have been 
built, and are still being some our larger ports, 
well very extensively foreign countries; but, what the future? 
Has the concrete engineer reached the maximum economy concrete 
dock design? so, Mr. Staniford’s statement can perhaps stand un- 
challenged. this one point, other, the writer desires 
cross swords with the author this valuable paper. question 
which has been discussed frequently the technical press late, but 
all that discussion seems connection with present and ordinary 
types construction, and not along new lines design—still trying 
obtain economy improving the reciprocating engine rather than 
adopting the rotary type. 

The writer does not wish inject into this discussion anything 
that would detract from the interest and value this paper; but, 
compliance with suggestion Mr. Staniford, submits some illus- 
trations, indicating method whereby would appear that the maxi- 
mum economy has not yet been reached the author’s design. 
attempt will also made convince Mr. Staniford the possibility 
building full dock, the first cost which will not 
prohibitive. This will done, not filing large number plans 
covering various designs for concrete docks, but submitting just 
one design wherein the quantity material has been reduced 
minimum without any reduction strength, mentioned previously. 

The most ordinary type concrete construction the well-known 
beam-slab system. such system the load the floor carried 
the beams and thence the supports. The upper three-eighths (ap- 
proximately) concrete beam compression, the lower five-eighths 
(approximately) tension. designing reinforced structures, 
account ever taken the tensile strength concrete, the primary 
function this material being resist compressive and shear stresses. 
Steel inserted take the tensile stresses. The concrete below 
the neutral axis useful only means holding the steel posi- 
tion and making act through shear. Thus apparent that more 
than one-half the concrete beam not utilized economically 
its full capacity, and therefore considerable extra burden the 
structure, resulting increased cost for material, forms, and sup- 
ports. This waste becomes greater with increased spans and under 
heavy loading, especially over water surface where expensive means 
form supports are generally required. 

During the past years number flat-slab types construction 
have been brought out, all generic the first idea, the so-called mush- 
system; some them are nothing more nor less than shallow- 
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beam system masquerading under the name flat slab. From reliable 
data furnished the writer, the deck slab these special 
types great practically counterbalance any material saving 
over beam system, and open question there 
actual cash saving adopting such flat-slab systems. 

Even more economical, are these various flat-slab systems suited 
dock work and the heavy lateral thrust that the docks have 
either beam, flat slab, other type, that will stand class 
itself and suitable for dock well for other heavy 
types concrete construction? The writer’s the 
question shown Figs. and which only brief description 
will given the present time. This system consists large 
panded hollow heads placed the top ordinary solid 
columns. The heads are conical pyramidal shape, with center 
post and diaphragms. Resting the upper rim the heads the 
flat deck slab, sufficiently reinforced non-trussed bars running diago- 
nally, longitudinally, and crosswise, may necessary. The center 
post, the deck slab and the flaring sides the heads form perfect 
truss, integrated completely around the axis the column. The heads 
should poured some days advance the slab, the slab being 
poured after the heads have become well hardened. The necessity 
binding the heads and the deck slab securely together will depend 
the purpose the structure, that is, whether carry direct 
vertical loads only, absorb lateral shock addition vertical 
load, dock work. 

The heads may likened spread foundation work, made hollow 
and turned upside down, the well-known household tin funnel rest- 
ing firm foundation and supporting slab platform its 
upper rim. The deck loads are supported the expanded heads and 
transmitted through them the columns and distributed the piling 
hard substratum the enlarged base the foot each column. 

This system does away with all the tension concrete below the neu- 
tral axis beam system. The flaring sides the heads are direct 
compression and shear. Thus all the concrete the heads acts di- 
rectly taking the stresses due the superimposed load. 

This system not only reduces the absolute minimum the quantity 
concrete needed, but also does away with trussed steel.. This results 
structure far more economical than out-and-out beam and slab 
system carrying heavy loads. 

absorb the lateral thrust the dock, suitable system 
bracing one type another provided, shown. There also 
system fender piles with their rebuffer springs, the lower spring 
supposedly absorbing the larger part the lateral pounding and trans- 
mitting directly the bracing without any rocking the heads. 
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Just few words regarding the quantity concrete such sys- Mr. 
tem compared with that beam and slab type, the cost 
structure depends large extent the quantity material that 
goes into it: reliable estimate the quantity concrete one 
these special structures indicates possible saving more than 
20% over standard beam system. about the same saving 
cost would expected. 

order obtain unbiased opinion this special type con- 
struction, the writer engaged Tucker, Assoc. Am. Soe. E., 
specialist reinforced conerete, investigate this design thoroughly 
all its many and unusual phases. 

Referring Fig. The structure designed for uniform live 
load 1000 lb. per sq. ft. over the whole panel, compared with 
500 per sq. ft. for the author’s structure. careful estimate 
will show that the quantity concrete this special structure for 
20-ft. panel, exclusive the column part below the head, practi- 
eally cu. yd. The quantity Mr. Staniford’s structure 
for the 20-ft., slab the same. Inasmuch the tentative 
design for direct vertical load 1000 per sq. ft., perhaps 
not equitable comparison; but, similar design for only 500 lb. 
per sq. ft., the saving would sufficient cover the cost 
providing sufficient bracing against lateral forces. Thus this type 
construction compares most favorably with the author’s design. 
the depth the head practically equal the freeboard New 
York City docks, placing the expanded head cluster piles, 
would appear that such semi-concrete dock could built the 
same cost Mr. Staniford’s type, not for less, and would 
eliminate the repair work between the deck and high tide his type 
dock, which states necessary. With such comparison this, 
would not seem that the author’s remark about prohibitive first 
cost open discussion, and that permanent full conerete dock will 
not prohibitive first cost built this special design 

From the prolonged study which the writer and Mr. Tucker have 
made this new type construction, they feel that the quantity 
material required has been reduced minimum, without any reduc- 
tion strength, and that dock having this type deck construction 
will more economical first cost, and still more economical 
maintenance when compared with one wood. 

Harris, Am. Soc. E.—The information this paper 
found technical literature: Mr. Staniford deserves hearty thanks 
for his effort enlighten the Profession the current practice 
the Department Docks and Ferries New York City. 

The speaker has had some experience the design and construc- 
tion wharves and piers various ports the Coast, 
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especially New York Harbor, and feels that his duty invite 
attention certain parts this paper, his investigations have shown 
that the conclusions arrived and implied Mr. Staniford are not 
entirely beyond question and challenge. 

About four years ago, the speaker made thorough investigation 
certain projected pier wharf construction the New York Navy 
Yard. Several such wharves had been built there, and, under project 
for the development the Yard and the improvement the water- 
front, two more were projected, with the probability that these would 
followed the construction five others. Another wharf, designed 
the speaker, the general type which had been used the Navy 
Yard for some time, was just being completed. 

Being familiar with the current practice the 
Docks and Ferries, made careful investigation the design 
then used that Department, particularly the concrete deck timber 
piles and caps. seemed especially desirable use such design 
account its reputed economy first cost and its apparent advan- 
tage being fire-retarding. The results this investigation were 
not entirely harmony with the conclusions set forth this paper. 

was found that the cost concrete deck wharf would exceed 
that timber deck wharf, this conclusion being reached spite 
the contract price obtaining the City piers South Brooklyn. The 
speaker interviewed the contractor for some these piers, and learned 
that the price which they were being built was not fair criterion, 
the cost was considerably excess the sum the contractor was 
receiving. This served confirm the estimates which had been made, 
particularly when the figures were taken with various contractors. 
became evident that, bids were invited for piers wharves 
with concrete deck, and alternate with 4-in. deck and 3-in. 
sheathing top it, the cost the concrete pier 
higher about cents per sq. ft. The cost the substructure— 
the piles and caps—would practically the same both types, with 
slight modification which will mentioned later. The: super- 
structure, which could considered the deck structure, would 
consist rangers, 4-in. decking, and 3-in. sheathing, the case 
timber wharves; 104 and in. asphalt paving, 
the concrete deck The lumber the timber deck wharf 
would about ft. per sq. ft., which, $42 per thousand 
($35 for lumber and for labor), would amount 35.7 per 
sq. ft. This should compared with 0.03 cu. yd. of. reinforced con- 
and.1 sq. ft. asphalt, the deck wharf, estimated 
cents per sq. ft., about cents per sq. ft. more than the 
timber deck wharf, which item favor the latter. 

The deck structure the concrete deck wharf would weigh prac- 
tically 150 per sq. ft., thereby decreasing its carrying 
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capacity that extent; the timber involved would only weigh lb. 
per sq. ft., showing that the timber wharves would have carrying 
capacity 116 lb. per sq. ft. what the same foundation 
would carry with different type deck. Therefore, order make 
the two systems comparable, additional piles, and probably caps, would 
have provided the concrete deck wharf, making the differ- 
ence cost even more favorable for the timber deck wharf. The 
speaker fully appreciates the fact that special conditions taking 
care the transportation and shipping valuable materials New 
York City involve fire risk and insurance, and that probably this 
account the Department Docks and Ferries was well warranted 
substituting the concrete deck for the timber deck; and although this 
reason alone justifies its use, misleading justify the basis 
cost and economy. 

objection timber deck wharf construction, Mr. Staniford 
has mentioned the necessity repairing and relaying the deck sheath- 
ing account its destruction traffic. The speaker also 
impelled question the implication that this timber deck sheathing 
would have replaced more frequently than the asphalt wearing 
surface. From his experience with asphalt pavements, inclined 
believe that deck sheathing would outlast the asphalt wearing 
surface, and—even this conclusion were not entirely 
that would cheaper repair replace the 3-in. deck sheathing 
than the asphalt pavement wearing surface. 

Repairs very important item, when wharves are not 
permanent type, the case with those timber piles and having 
either timber decks. Mr. Staniford states, neces- 
sary, intervals, replace and caps, such repair being caused 
from mean tide up, except, course, harbors where 
marine borers are found, where timber pile wharf any type can- 
not any way permanent structure. The destruction 
stringers rot requires serious consideration, especially 
there from year year deliver commercial timber 
poorer quality, containing more sap. well-known fact that 
inspection rules relation commercial lumber have become less and 
less rigid recent years. wooden deck wharf not considered 
permanent structure, and frequent repairs and replacement the 
timber work and the piles are expected. These are readily made, 
not difficult remove the deck, replace caps, drive additional 
speaker understands that deck wharf con- 
sidered Department Docks and Ferries more permanent, 
although why should cannot comprehend, because apparent 
that the timber piles will need repair and replacement just often 
the timber deck type; the pile caps also will 
just often, and probably oftener, because the concrete slab will 
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tend keep the tops these caps damp and condition invite 
rapid decay. will extremely difficult make repairs one 
these wharves. The speaker need not compare the task removing 
timber planking with that removing reinforced concrete 
slab. The expense cutting through such slab, with its reinforce- 
ment, will considerable. understood that wharves this type 
have not been use long enough have required repair, but, when 
such repairs are necessary, there doubt that the difficulty will 
the Department Docks and Ferries that permanent deck 
structure temporary foundation not the very best type adopt. 

There seems generally accepted opinion that there are 
marine borers New York Harbor. This error. Marine 
borers are found the Lower Harbor, and, perhaps, under certain 
conditions, which are likely develop with wind and tide, they will 
found the South Brooklyn shore. wharf the Navy De- 
partment Fort Lafayette, constructed about years 
ago, was examined recently the speaker, and preparations were 
made repair it. was found that many instances the piles 
were entirely gone, having been destroyed sea borers, and that the 
and stringers were such condition, account rot, that 
would economy replace the entire wharf with new one. 

the investigation pier construction the vicinity New 
York, with the idea adopting type for the Navy Yard, 
previously stated, both kinds wharves used the Department 
Docks and Ferries were considered carefully. Previous that time, 
there had been used the Navy Yard type consisting 
pile platform low water, surmounted the sides and ends 
masonry retaining walls, the contained space being filled with earth 
compacted and paved over. The last pier this type—known 
Pier D—designed and constructed under the speakef’s supervision, 
cost about $3.25 per sq. ft.; this included wood block paving 
concrete foundation, two lines standard gauge railroad track and 
one line 18-ft. gauge, 40-ton, crane track, and also fresh- and salt- 
water pipes, air pipes, and electric conduits,. making 
referred to, endeavor was made reduce this first cost and still 
obtain substantially permanent structure. apparent, course, 
that the pile foundation such wharf carries very heavy dead 
load, namely, the masonry retaining walls and the ft. earth 
filling; or, other words, that more than half the foundation piles 
are used carrying dead load, and that extent are absolute 
loss far the live-load capacity the wharf concerned. 
The investigation and estimates established the fact that timber 
wharf would cost about $1.00 per sq. ft., and timber wharf with 
concrete deck, $1.25 per sq. ft. The items maintenance and repair 
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the difficulty such maintenance and repair, entirely eliminated from 
further consideration. The speaker, consequently, evolved design 
which used reinforced concrete deck, lighter than that the De- 
partment Docks and Ferries, but, some extent, similar, and this 
was carried reinforced concrete columns resting timber sub- 
structure. The latter consisted piles cut off slightly above low- 
tide datum, and fastened the cross-caps with oak tree-nails. The 
reinforced concrete columns were cast shore. The bases were 
dovetailed, let into the caps, and wedged them with spruce wedges. 
They were also fastended stringers clamps which were attached 
the caps, and the space between the abutting longitudinal clamps 
was filled with 12-in. chocks filling pieces. The usual brace 
piles the side were used the timber substructure. All the sub- 
aqueous work was fastened and wedged, far possible, oak tree- 
nails being used and metal fastenings avoided. The designs were 
two types, one with girders and beams support the concrete deck 
slabs, and the other using the mushroom system, each column unit 
being flared out reinforce the criss-crossing the main deck 
slab reinforcement. The preliminary estimates indicated that this 
mushroom type would less expensive, but the bids received proved 
this error, and, therefore, the girder-beam type was adopted. 
Two these piers have been completed. They have creosoted wood- 
block pavement over the concrete deck slab, two lines standard 
gauge railroad track, one each side the wharf, and two lines 
subway, one each side the wharf; with fresh- and salt-water 
pipes, pneumatic lines, and telephone and electric conduits for cables 
still placed. ‘These piers were estimated cost $1.60 per sq. 
ft., but this was based the use piles ft. long. actually 
proceeding with the preparation detailed plans, and investiga- 
tion the site, was found that piles ft. long would required, 
and this, together with the expense inshore connections for pipe 
work, railroad tracks, increased the price the work, that 
the actual cost these two piers has been $2.04 per sq. ft. After 
the experience gained the construction these piers, the speaker 
convinced that piers the size used New York Harbor, and 
without the subway and pipe lines, track work, could con- 
structed for less than $1.60 per sq. ft. 

apparent that piers this type may safely considered 
permanent, far concrete immersed salt water permanent. 
Every precaution which experience the Navy Yard could suggest 
was taken make this concrete work permanent, but much diffi- 
culty has been had there with concrete salt water suggest 
that this not permanent material salt water. Dry Dock No. 
the New York Navy Yard, was originally built timber, and 
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after very voluminous discussion before this Society, years ago, con- 
demning timber this sort, was rebuilt. partly con- 
crete. now undergoing extensive repair. Considerable sums are 
being expended replacing the facing the concrete altars and floor, 
which has deteriorated and disintegrated such extent that 
possible use pick and shovel removing the concrete. 

The concrete unit columns the wharves mentioned were cast 
shore, 1:2:4 mixture being used, containing water-proofing com- 
pound. They were allowed season for some time before being placed 
the water. 

The speaker’s principal motive discussing this paper call 
attention the fact that the design used the Department Docks 
and Ferries composition permanent and temporary struc- 
ture. Special attention the fact that would 
cult impossible repair the temporary part—the foundation itself— 
without also destroying the permanent part, thus making the entire 
structure only temporary. also desires bring out the fact that, 
with slight additional expense, the permanent part the structure 
have been carried down mean tide level, thus making the 
entire wharf permanent, far wharf this character 
and concrete can permanent. other words, the upper 
part New York Harbor, where timber piles will not attacked 
sea borers, and can considered permanent from low tide down, 
the composition timber and concrete, made described for the 
Navy Yard, furnishes permanent structure low first cost. The 
speaker gladly acknowledges that the investigation made him first 
brought his attention the inconsistency Mr. Staniford’s design, 
and effort retain its good features and the same time 
avoid the expense concrete piles, evolving 
the design has described. 

reply Mr. Snow: The speaker does not think that conditions 
southern can compared with those the New York and 
Boston Yards. believes that, southern waters, concrete free 
from deterioration partly because the absence extreme temper- 
ature changes which open hair-like cracks the surface, thus 
permitting the entry, the attack, salt water. has also been 
stated that gelatinous substance forms the face the concrete, 
between high and low water, and protects the surface. The speaker 
believes that even very thin facing granite protect structure 
from deterioration, although the joints, after while, will require 
re-pointing. 


Am, Soc. E.—There are many examples con- 
construction sea water Boston Harbor, and every in- 
stance known the speaker there has been serious 
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Fic. 10.—DISINTEGRATION OF CONCRETE, ABUTMENT “Q”’”’, VAUGHAN’S BRIDGE, 
PORTLAND, ME. ONE WINTER’S EXPOSURE. CONCRETE IN LOWER PART 
PROTECTED BY SAND. SLOPE OF SAND FILL SHOWN AT LOWER LEFT CORNER. 


Fig, 11.—ABUTMENT “Q’”’, VAUGHAN’S BRIDGE, PORTLAND, ME. 
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tween high and low tides. 
frost. The damage readily repaired with cement gun, not 
allowed become too extensive. would great interest ascer- 
tain this sort disintegration occurs southern waters where 
there freezing, and the speaker would glad have Mr. Harris 
state, knows, whether Government works this class suffer be- 
tween high and low tides southern harbors. 


concrete was placed for one the abutments large highway bridge 
across the Fore River, branch the Harbor Portland, Me. This 
abutment was constructed with concrete base, granite facing, and 
concrete backing. The plans called for sand-fill placed across 
the front and ends the structure little above the elevation 
the bottom the granite, this fill paved resist wave 
action. Conditions were such, however, that all the fill could not 
placed before cold weather set in. 

The winter 1906-07 was severe one, was noticed that 
the unprotected concrete base was disintegrating where exposed. 
the spring 1907, after the ice had gone out, the exposed surface was 
found disintegrated depth more than in. That portion 
the conerete which had been protected the sand, however, was 
found perfect condition, and, the elevation the sand 
protection, there was sharp and distinct limit the area disinte- 
grated. will seen clearly from Fig. that the portion the 
concrete below the sand line still shows the saw marks the form 
boards, whereas that portion above the sand line badly disintegrated. 
The small hole seen the upper right-hand corner the photograph 
was drilled for the purpose ascertaining how deeply the concrete 
was affected. The slope the edge the sand-fill, which was ex- 
cavated permit taking the photograph, may seen the lower 
left-hand corner. This photograph shows portion the same face 
base appears Fig. 11, the photograph the entire 
abutment. 

These conditions led series experiments ascertain, 
possible, the causes the phenomenon. the fall 1907, several 
sets standard briquettes were made both neat cement and 
1:3 mix, making all the possible combinations mixing with fresh 
and sea water, and using the local bank sand and standard Ottawa 
sand. Three 12-in. cubes were also made samples taken from the 
regular machine-mixed concrete. These briquettes were made and 
placed the beginning cold weather the winter 1907-08. 
They were distributed follows: Sets three briquettes each 
type and enough for the regular 7-day, 28-day, 3-month, 6-month, and 
l-year tests were stored the laboratory fresh and sea water; 
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buried the sand depth about ft. above high water, mean 
tide, and below low water; and placed crates above high water, 
mean tide, and below low water. cube was placed the flats 
above high water, one mean tide, and the third was lowered the 
bottom the river. 

Chemical tests were made during these experiments the professor 
chemistry the Portland High School the effects 
the materials and water. 

Unfortunately, the long-time tests could not made the 
briquettes, the City Hall Portland was destroyed fire early 
1908, and the laboratory and all the records and data were lost, 
that what appears here from memory only. 

Such the tests were made showed that the briquettes stored 
both fresh and sea the laboratory, those buried the 
sand, and those exposed crates above and below water, gave 
practically identical results, and those stored the crates mean 
tide were entirely disintegrated after from weeks exposure 
freezing weather. 

The large cubes were made and placed the spring 1907, and 
were exposed throughout the summer and the following winter. 
effect was observed the result the summer exposure, and after 
about year’s exposure those cubes above and below water 
were still condition, the one exposed mean tide, however, 
had been reduced about in. the result exposure during the 
winter. 

the spring 1907, soon as. weather conditions permitted, 
the was removed from the disintegrated face the 
base the abutment, the surface was plastered up, and the rest 
the sand-fill and the pavement placed. the fall 1912 some 
the and sand. protection was removed, and was found 
that the trowel marks the plaster used smoothing were still 
sand lying within the tidal range has been saturated 
with sea water for more than years, and would seem that the. 
action were chemical one would have affected the concrete. 

would seem that only conclusion which can drawn from 
the, above-mentioned experiments that the disintegration was caused 
from the alternate freezing and thawing, such 
oceurs within the tidal range, there will disintegration. 

William Burr, Am. Soe. E., was the Consulting 
and was Resident Engineer, this work. 


Virginian Railway coal terminals were constructed, necessary 
build permanent foundations for the large which 
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extended 1000 ft. into the waters Hampton Roads, Open 
foundations, capped with grillages, were out the question, the 
waters were infested with teredo. The design decided was mono- 

lithie piers, with heavy rectangular bases, built piles 

ft. water, the piles being cut off ft. below the mud line. 

the rectangular bases, battered pier sections were built level ap- 
proximately ft. above high water. All this was deposited 

under water tremies in, diameter, and allowed set for 
several days; then the forms were removed and the sheeting was pulled. 

Under the conditions existing the time, and account the 
manner which this work was done, there were any chemical 
action deteriorate concrete, due the effect sea water, would 
have been noticed, careful inspection all the piers was made 
divers; also, there was any destruction between high and low 
water, due changes temperature and freezing, would now 
perceptible; is, these piers are good condition when built. 

The speaker, however, does not doubt that piers built under simi- 
lar conditions northern harbors, where the temperature changes are 
considerable, and alternate freezing and thawing takes place between 
high and low water, some mechanical destructive effect might ex- 
perienced, concrete built under the conditions stated never becomes 
dry, and the contained moisture, freezing near the surface, would 
expand and gradually disintegrate the concrete. 

This effect, however, should not obtain with concrete blocks, built 
and matured land and then set place between high and low water; 
and there are number examples around New York Harbor sub- 
stantiate this statement. 

The mixture concrete used the construction the 
tion for the coal piers was with gravel. 


tion concrete sea water, naturally, was one the first subjects 
investigation the designing force the Isthmian Canal Com- 
mission connection with the locks for the Panama Canal. 

Data this subject were collected for about two years after 
careful consideration, the conclusion was finally reached that recorded 
experience failed show that deterioration concrete might 
expected tropical sea water, provided ordinary care exercised 
the selection the ingredients, and the mixing and placing. 

Experience the Isthmus, thus far, has shown for 
conclusion, and the speaker the opinion that the causes 
for authenticated cases deterioration must sought mechanical 
action poor materials, rather than chemical action ordinary 
sea water first-class American Portland cement concrete. 
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Conte, Am. Soc. (by letter).—Extensive harbor 
improvements call for strict economy first cost and annual main- 
tenance, and length life. Recent developments San Francisco 
Bay have given rise some new features which may interesting. 
The final conclusion that solid-mole development much superior 
every respect the ordinary pier, when wide view taken 
the whole situation from both financial and commercial standpoints. 

the waters San Francisco Bay are largely infested with the 
marine pests, teredo and limnoria, all important structures are made 
creosoted piles concrete piles and superstructure. 

First Ordinary Pier—For ample commercial purposes, 
the pier should least 200 ft. wide and 1000 ft. long, with slip 
alongside, 300 ft. wide, for handling the shipping, and, without any 
warehouses, tracks, derricks, movable cranes, would cost probably 
$315 000. 

Second Solid mole would surrounded 
three sides with 50-ft. commercial wharf. The same amount 
money will build solid mole, 500 ft. wide and 1000 ft. long, and 
slip alongside, 400 ft. wide, for handling vessels. This simple struc- 
ture, like the pier mentioned, supposed without warehouses, 
tracks, derricks, movable cranes, etc. 

little consideration will show the advantages the mole develop- 
ment. The dock frontage the pier development 2500 lin. ft.; 
that the mole development lin. ft.—a difference 16% 
favor the latter. the case the mole the area dock flooring 
kept efficient repair only about 60% that the pier devel- 
opment, which quite important item annual expense. Besides 
these advantages, the mole has nearly twice much warehouse room, 
and 200-ft. roadway the center for railway and general commer- 
cial the paramount convenience which cannot over- 
estimated. 


CHANDLER Davis, Am. Soc. (by York Har- 
bor, without doubt, the most important one the world. pos- 
sesses many advantages over other seaports, not the least which 
the small range tide. tidal and wet basins are unknown, these 
expensive constructions are eliminated from the problem. The current 
the river not strong that the largest ships cannot warped 
into their slips without much difficulty, although times may 
require several hours—it took hours dock the steamship 
Such cases, however, not occur frequently that the pier and 
slip system should condemned, for is, without doubt, the best 
and most economical layout which could have been 
permits the handling more ships given length river-front 
than any other plan. 
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the scheme adopted Antwerp had been introduced New 
York, steamship the dimensions the would require 
about 1000 lin. ft. bulkhead for docking purposes; with the plan 
used New York Harbor this length river-front sufficient 
permit the working four such ships simultaneously. The late 
General McClellan, the first Chief Engineer the Dock Department, 
was wise developing and perfecting the system found use. 

The Hudson River has been encroached such extent that 
the War Department has finally decided that the pier-head line must 
not moved farther out into the river, and all encroachment must 
stopped. This attitude the Government well taken. When 
one considers the size the modern ship, will realize that, 
such extension were permitted, there would soon insufficient width 
clear water allow the safe handling these vessels, for least 
two ship lengths are required turn them. the present time there 
barely the necessary width left between the pier-heads, and there 
great difficulty handling the ocean liners. relief required, 
must sought moving the bulkheads inland locating the 
docks points other than the Manhattan shore the Hudson 
River. 

The naval architect increasing not only the length ocean 
liners, but also their beam. This very important factor, and 
must considered laying out new work. Fig. shows the average 
increase beam ships, for every five years from 1865 date; 
will seen that has been more than doubled. The Labrador, 
launched 1865, had beam 39.2 ft.; the new Hamburg-American 
liner, Vaterland, will have beam about 100 ft., two and one- 
half times that the Labrador. 

The open water between two adjoining piers, called the “slip”, 
should sufficient width allow the working two steamers 
the same slip the same time. The following formula will deter- 
mine the required width, provided railroad car-floats are not used, 
the case with fruit ships: 


the required width slip; 

the width allowed for the fender system the piers, 
including the rolling log, one used; 

the extreme width the coal barges; 

the beam the ship; 

the extreme width the cargo lighters; all expressed feet. 


the center the slip, width ft. open water required 
facilitate the handling the lighters ‘and without interfering 
with the working the ship. 
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Mr. The general tendency sacrifice the slip order build large, 
imposing piers. width 100 ft. for pier ample care 
for the cargo the largest ships afloat, and quite unnecessary 
exceed this, unless intended use such piers store- ware- 
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Ships the Vaterland type, having beam about 
100 ft., would require slips about 400 ft. wide, two such ships 
are docked the slip the same time. These points should 
carefully considered laying out plan for docks, congested 
slips increase the cost handling cargoes and coaling. The dimen- 
sions the largest vessels trading with the port considered 
the design, and study must made their gradual increase 
size. 
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The materials which enter into pier construction are many. For mr, 
long time only wood was used, but recently the wooden decks and 
rangers have been replaced with concrete. The North German Lloyd 
Steamship Company was the pioneer such work this part 
the world. After the disastrous fire which destroyed its Hoboken 
docks, the plant was rebuilt with concrete decks and fire-proof super- 
structures. This scheme has been still further developed the City 
New York, and to-day the construction above the caps clamps 
reinforced concrete. This construction, however; leaves the piers 
vulnerable between low tide and the deck. The Hudson River free 
from the Teredo navalis and other wood-destroying borers, and will 
probably remain until some other method found disposing 
the tons filth which are daily dumped into the river. The piles 
below low water, therefore, are, for all practical purposes, indestruc- 
tible. The few points where protection against worms has been found 
necessary need not considered here. all sections the port, 
however, the piles above water will deteriorate and eventu- 
ally will have replaced. The present design decking used 
the City will make such work expensive and extremely difficult. 
The design, therefore, should include the pier from low water 
up, should desirable continue the use wooden piles. 
general plan for this could probably worked out, and would only 
need modified suit local conditions. 

The Dock Department working along the right lines, and 
attacking the problems, they present themselves, conservative, 
but thorough manner. 


Am. Soc. E.—In the type pier for single- 
story sheds, developed and built successfully the Department 
Docks under Mr. Staniford’s direction, concrete used for the deck 
only. Therefore, there can question about its durability, far 
exposure sea water the type pier for two- 
story sheds, pedestals mass concrete, deposited situ pile 
and timber foundation, will support the shed columns. With regard 
the durability and permanency Portland cement concrete ex- 
posed the action sea water, which Mr. Harris has referred, the 
speaker inclined condemn the use concrete for such 
exposure, the experience the Department Docks had been 
unfortunate that the Government; exemplified the sea- 
wall the New York Navy Yard, and elsewhere. 

Since the establishment the Department. 1871, Portland 
cement concrete has been used block form and mass, the 
construction the bulkhead sea-wall. For the most part the wall 
built along the shores Manhattan Island consists large con- 
blocks made the proportion part parts sand, 
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and parts 24-in. broken stone, volume, and reaching the face 

the wall, from prepared foundation bags rock 
bottom depth from ft. below mean low water, from 
pile foundation sawed grade about ft.. below mean low 
water, about ft. below mean low water, the remainder the 
face, the street grade, consisting, usually, granite backed 
with the fabrication these concrete base blocks 
attempt whatever was made produce dense face, except the 
usual “spading” along the form. They were allowed harden thor- 
oughly air, and their use has resulted permanent construction. 
About months ago, two these base blocks were removed from 
the wall the foot East 38th Street, East River, order 
enable the New York Edison Company place additional intake 
tunnel. examination these blocks, after submergence 
years, showed perfect surfaces. There can doubt the 
permanency Portland cement concrete when moulded blocks and 
allowed harden air before being exposed the action sea 

Numerous examples (many them built the Department 
Docks) concrete deposited situ and exposed tidal action, such 
concrete walls rock, concrete walls pile and timber platforms, 
concrete walls facing for timber cribs, and concrete foundations 
for ferry buildings, exist and about New York Harbor. 
sonal examination many these structures has shown that 
nearly every case where deterioration found, has occurred 
zone extending from about mean low water about mean tide, and, 
might expected, walls exposed considerable wave action show 
greater deterioration within this zone. also observed that where 
the precaution’ has been taken face the wall with richer 
part cement parts sand) and denser mixture, from in. thick 
(as the the Whale Creek wall, and the Wallabout wall 
adjacent the New York Navy Yard), the exposed faces are intact, 
although must stated that the Wallabout wall was not exposed 
tidal action until after the concrete had had time become well 
hardened. 

From the nature and location ‘of the deterioration, there can 
but little doubt that due the beginning dislodgement 
the cement the action the water before has had time set, 
and its further due mechanical action, such frost, 
ice, and impact from floating débris, rather than chemical action. 
order prevent spreading, repairs are made, cheaply, easily, and 
effectively, cutting out the affected places depth about 
falling tide and with mixture part cement 
sand. 
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The speaker has hesitation saying that good and permanent 
mass exposed the action sea water, can obtained, pro- 
vided the usual, precautions for work are 
observed, follows: 

concrete deposited situ and 
exposed water should composed dense, rich mixture 
part cement. parts sand, from in. thick, depending 
whether not exposed wave action frost, ice, 
and floating débris. All edges should rounded beveled. 

(B)—Proper Materials—Cement, Sand, Stone, and 
Department specifications for cement require that “shali not set 
within half hour after being mixed with water and shall set within 
five hours. The fineness shall such that the percentage 
cement passing through No. 100 sieve shall not less than 
95%.” The tensile strength developed briquettes neat cement 
should 500 per sq. in. for day air and days water, and 
575 per sq. in. for day air and days water. For 
mixture part cement parts standard quartz sand, the values 
the before-mentioned times should 225 and 300 lb. per sq. in., 
respectively. The cement subjected the usual “pat” tests for 
checking, cracking, distortion, and color. 

The sand should clean and sharp. 

The stone should clean, hard, and durable. Gravel should not 
used substitute for broken stone, except possibly, “back- 
ing” where will not exposed tidal action. 

The water should fresh and clean. 

ingredients should mixed thoroughly 
form “wet” mixture, and care should exercised deposit- 
ing get uniform distribution the ingredients, without 
should deposited simultaneously with the 
“backing” and such way make the mass monolithic. Con- 
especially the exposed surfaces, should not deposited water, 
but the work should planned and executed keep the deposit- 
ing advance rising tide. Forms should carefully made, 
preferably dressed, tongued-and-grooved lumber, treated with crude 
oil similar material prevent adhesion the concrete, and made 
tight enough (caulking the joints necessary) to’exclude water from 
the moulds, especially rising tide. They should designed and 
braced retain their shape accurately, even should become 
necessary fill mould rapidly. 

All concrete surfaces should kept wet with fresh water for least 
week, order insure the proper initial hardening the cement. 

hot weather, exposed the direct rays the sun, the work 
should covered with tarpaulin similar covering and moist 
prevent “drying out.” 


| 
| 
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freezing weather the concrete materials should heated, not 
only for the immediate purpose mixing, but for keeping the frost 
out the materials well. The water should kept hot, but not 
boiling; and all concrete deposited during freezing temperatures 
should immediately covered and protected from frost until setting 
assured. 

Walls mass concrete, requiring the depositing concrete under 
water within forms, should not attempted, unless the enclosing 
structure forms are allowed remain and become part the 
permanent construction, practically impossible obtain proper 
surfaces with concrete thus deposited. 


the discussion has wandered into questions not germane the subject 
matter the paper, and has entered into matters pertaining harbor 
design and general methods construction. 

The particular object the paper was simply show what had 
been accomplished the Department Docks producing some- 
thing more permanent than the ordinary New York wooden pier, and 
about the same cost. 

the writer’s opinion, however, that all the discussions are 
valuable, they bring out many admirable points connection with 
harbor design and general designs for actual construction. 

repeated that the old wooden pier, built New York 
Harbor years ago, because was easily removed and recon- 
structed, was one the greatest factors developing the harbor 
facilities. Instead the shipping being compelled adapt itself 
the location and operation massive permanent structures located 
along the water-front, English and Continental harbors, where 
there are stone quays and piers, the structures for berthing vessels 
and taking care cargoes New York Harbor were located meet 
the conditions shipping these conditions developed and increased 
facilities were required. the size the vessels increased, the 
docks grew larger, width well length, proportion the 
width the slips, that is, the distance between piers increased 
accommodate the greater beam ocean steamers. can readily 
seen that the New York water-front was lined with system 
massive and permanent stone, steel, concrete structures, the devel- 
opment the harbor could only proceed enormous expense, and 
consequently with much less rapidity than made possible build- 
ing structures lighter form. The type formerly built the De- 
partment met for the time all requirements, but, little added 
expense, many objectionable features the former construction have 
been eliminated, thus doing away with constant repairs; and, for the 
present, least, the Department has type which durable and 
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the same time inexpensive, and admirably meets the present-day de- 
mands shipping. The result this more modern method 
struction has been shown the paper, and the figures substantiating 

the statements are based fact, not conjecture. 

Mr. Harris questions the lasting qualities the asphalt wearing 
surface, and infers that deck sheathing would outlast the 
asphalt. The experience the Department with deck sheathing 
absolutely cited the paper, and not matter inference. Repairs 
New York piers are absolutely needed short intervals, result- 
ing frequent renewal the whole deck sheathing, the wear the 
latter being the result traffic movement probably unequaled 
the world. fact, this whole paper deals with conditions this 
kind, where structures are under intense use constantly, and not with 
docks built Navy Yards any place for public function, where 
team traffic almost unknown, where the docks are practically 
intended berthing place for steamers while undergoing repairs. 

concrete illustration the inexpensiveness the asphalt 
wearing surface, the piers the Chelsea Section may cited. 
these nine piers, each approximately 800 ft. long and 125 ft. wide, 
asphalt wearing surfaces were laid, and for period years, under 
the most extreme traffic conditions, repairs were necessary. Under 
the contract for this work, 96989 sq. yd. were laid, and bond for 
years was given maintain the asphalt wearing surface; the 
expiration this 5-year bond period, repairs were only needed 
780 sq. yd., costing $800, less than the total cost. From 
the expiration the bond period the present day repairs 
these surfaces have been necessary; and, furthermore, repairs are 
needed the present time. other piers may cited where 
the same result has been secured the use asphalt. 

stated the paper, for light traffic, this asphalt wearing sur- 
face may eliminated, but, for heavy traffic, has been found abso- 
lutely necessary put some deck wearing surface over the concrete; 
and some other lecalities the writer has advocated wood block 
brick pavement for this purpose. Granite block pavement has been 
considered, but was not adopted because would add much the 
weight. 

Mr. Harris questions the facility making repairs decks this 
kind. These repairs, like all others relating dock and harbor struc- 
tures, must made specialists work this class. The Depart- 
ment force, consisting twenty pile-drivers with their crews, con- 
stantly engaged doing just such work. 

mentioned that the eventual destruction caps and stringers 
continuous repairs deserves consideration. This just what was 
considered the design piers this style. eliminating all the 
stringers and all the deck, leaving practically little more than the 
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timber caps, the quantity timber renewed reduced 
absolute minimum, the life the caps, addition being prolonged 
considerably the use the new system with water-proof deck. 
time, when repairs this composite structure are required, owing 
the rot this insignificant quantity timber underneath, such 
repairs will not necessitate the disturbance the deck, all 
the work may done below simply supporting the structure 
between alternate pile rows, removing the caps, and bench-capping 
the piles, the usual method which similar repairs have been made 
the Department for years more. 


TABLE WHICH ASPHALT SURFACES HAVE 
BEEN ADOPTED. 


Location. 


Area, in square 
yards. 
square yard. 
Elapsed time, 
in months. 
Area repaired, 
in 
square yards. 
Percentage of 
area, in 
stated time. 
Percentage of 
area repaired 


Pier, W. 40th Street, N. R...... 


Pier 
20th Street, E. R.. 
Street, 
100th Street, R...... 
“ Canal Street, Btapleton. 
Stapleton Ferry..... 
Pier, Brooklyn.... 
Whale Creek, 
Jamaica Avenue, Queens. 


The repair occasional pile the interior the pier, 
account rot, accomplished without any trouble cutting the 
pile and replacing the head bench-capping splicing, thus making 
the structure strong the This has been done 
number instances New York, even under elaborate buildings, such 
ferry houses, without any trouble whatever, and without any inter- 
traffic. 


Total: 780 0.8 0.16 
4315 1,19 30 BORG.” 
785 0.7 0.14 
8 602 46 70 2.0 0.52 
1 095 28 MONE, 
1 964 48 WOO. To 
2 296 60 20 1.0 0.20 
1 504 60 85 2.2 0.22 
2719 P5) 25 1.0 0.52 
4 788 16 MOME, 
742 18 BOME, 
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The design this pier offers relief from constant repairs, and 
makes unnecessary the expense actual reconstruction from mean 
low water up, for the experience with the asphalt deck surface has 
covered sufficient time prove that repairs have been greatly elimi- 
nated this feature, and the structure actually preserved the 
asphalt deck surface. 

The writer gave what considered full recognition the 
design the piers being built the Brooklyn Navy Yard, being 
good type for producing absolutely permanent structure these 
waters. produce anything the line permanent development, 
however, simply question expense. Mr. Harris has given some 
figures relative the cost piers South Brooklyn, and has inferred 
that these prices were not fair criterion, being contended that the 
piers were extremely low cost, and with profit the con- 
tractor. This contention difficult prove. the paper, the cost 
data for these piers are correct, and are repeated and elaborated 
follows: The 31st Street Pier was let the lowest bidder $174 587. 
This was one twelve bids, the next four higher being: $183 820, 
$192 462, $195 897, and $196 725. The 33d Street Pier was let the 
lowest bidder This was one seven bids, the next three 
higher being: $244 587, $246 332, and $254 897. 

each case the bidders for these piers were among the most reliable 
dock-building contractors New York; and without question, any 
one them could have performed the work for the 
amount his bid. 

The New York Department Docks has developed many designs 
for absolutely permanent structures, not only the lines the piers 
the Brooklyn Navy Yard, made permanent from low water up, but 
absolutely permanent structures with concrete piles, and various forms 
filled-in piers, some which are without doubt good those 
cited. any event, two designs are exactly the same. Where the 
money available, and the cost deck repairs will necessarily 
slight, and where permanent structure warranted, Mr. Harris 
unquestionably right suggesting that the structure should made 
permanent from low water up. 

Mr. Harris states that the generally opinion that there are 
marine borers New York Harbor error. states that 
they are found the Lower Harbor, and that perhaps under certain 
conditions they may develop with wind and tide the South Brook- 
lyn shore. The writer fails see why cites the fact that had 
-borers Fort Lafayette. This question the presence 
the teredo, limnoria, other wood-boring animals was settled 
the Department more than years ago. fact, was not only 
settled the Department, but all the corporate interests which 
have helped build New York Harbor while spending several hun- 
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dred millions dollars building wooden structures. Unquestion- 
ably, New York had remained settlement with none the evils 
attendant the growth city even ordinary size, these wood 
borers would have remained the harbor, and the present form 
construction would not have obtained. This has not been the fact, 
however, and years ago the last evidences the activity these 
animals disappeared all pier construction built either the City 
others the Upper Harbor. 

presenting this pier type construction for New York 
Harbor, the writer took for granted that would understood 
applying piers built the harbor proper, and not for outlying 
sections nearer the ocean, where, course, the teredo exists, this form 
sea life requiring clear and fresh salt water order live. These 
wood borers have long been driven from the harbor proper. Even 
years ago, the Department, approaching the zone danger (at 
the end the Lower Bay) adopted the plan all 
but even such localities, namely, along the northerly shores 
Staten Island, St. George, and other places where the teredo had 
been somewhat active, untreated piles which had been the water 
for years have been pulled and have shown absolutely sign 
any wood borers. 

Before determining use timber the South Brooklyn Section, 
the Department for number years made most exhaustive inves- 
tigation, with divers, hundreds existing piers, bulkheads, and 
other structures along the water-front, looking for signs infection 
the The result showed that, although this sea worm had 
been somewhat active there years past, now practically extinct. 

Furthermore, for years past, the Department has been continually 
repairing the older structures built the City. the course these 
repairs, the renewal piles, even the older structures, found 
necessary only rare intervals the interior the piers where they 
have been protected the timber deck; though near the sides, where 
exposure greater, more extensive repairs are needed. Also, the 
Department continually removing old structures, some them the 
oldest New York Harbor, make way for improvements. these 
removals pile examined, under orders, for any evidence 
the teredo, order obtain some idea the time when disappeared 
from that particular locality. some instances the piles show that 
they were attacked the teredo the olden days, but, probably 
account inereasing pollution the water, had ceased exist. 
Piles removed from structures built within the past years are 
good the day they were driven, and are constantly used again 
other 

Recently, the Department has been removing some the old Brook- 
lyn ferry houses the these structures being among the 
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very oldest the water-front. pulling the piles, each was examined 
with particular care see the teredo had made any ravages, but 
evidence was found any 

The following concrete example the wonderful preservation 
these piles and the non-existence the teredo. When the old Penn- 
sylvania Ferry House, the foot Cortlandt Street, one the oldest 
structures along the lower water-front near the Battery, was being 
removed, the writer visited the premises order determine whether 
would advisable use some the old piles, which happened 
the right position take their place part the grillage 
for the concrete retaining wall which was run under the new ferry 
house. found that the piles, cut several feet above low water, were 
remarkably good state preservation; the foreman, being told 
that the piles were good the day they were placed, replied, “They 
are better than the day they were driven.” They were subsequently 
retained and remained the permanent structure specimens 
absolutely perfect piles, thus saving the cost placing number 
new ones. 

Snow says: 


Mr. 
Staniford. 


“There are many examples concrete construction sea water 
Boston Harbor, and every instance known the speaker there 
has been serious disintegration between high and low tides.” 


New York this condition does not obtain the concrete works 
produced the Department Docks. few other concrete bulk- 
heads have disintegrated this way, notably the Brooklyn Navy 
Yard, where such bulkhead, approximately mile length, has 
entirely disintegrated and been removed. The last piece this con- 
crete wall now being demolished near the end the Cob Dock, where 
absolute disintegration has taken place throughout, extending many 
feet back from the face, including the front piles, ends caps, ete. 

presumed that the Government will replace this wall with 
new concrete structure, and then all the old Navy Yard concrete wall 
will have been reconstructed. 

the present time there has been failure any part 
more than miles concrete and granite wall construction, built 
the Department Docks and Ferries, during period more than 
years. 

Frank Hodgdon, Am. E., Chief Engineer the 
Massachusetts Board Harbor and Land Commissioners, writes 


“Practically all the structures built concrete Boston Harbor 
have been badly disintegrated between high and low-water marks.” 


Engineering Record, June 10th, 1911, 
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this the writer replied follows 


“That will interest your readers evidenced the fact 
that this office continual receipt letters inquiry from all 
parts the world, not only from harbor engineers, but from engineers 
engaged the bridges order ascertain the condition 
such work built concrete salt water, view the failure 
such structures throughout the world. 

“It certainly question concerning which engineers should re- 
ceive all information possible whereby people large may receive 
due consideration assuming the financial responsibility future 
for constructions this kind which are supposed built with 
view permanency. 

will not attempt give the history anything but city con- 
struction work New York Harbor, and the condition same 
the present time. Most the work done here during the past forty 
years has been done the Department Docks, what now known 
the Department Docks and Ferries the City New York. 
During this period the city has been engaged the construction 
permanent sea-wall, located principally around lower Manhattan, 
below 80th Street. This has been added recently quite ex- 
tensive construction North Brother Island, the Borough the 
Bronx, Whale Creek the Borough Brooklyn, and the Gowanus 
Section, South Brooklyn. 

according the character foundation; but the essential features 
above the foundation are very similar all types. Almost every type 
bottom New York Harbor, while the wall has 
been built meet these varying conditions, about twenty-five different 
modifications having been used thus far the foundation work 
meet the conditions imposed. There are three general types, however; 
one built upon solid rock, one built upon hard bottom, such good, 
stiff clay compact sand, and one built soft river mud, forming 
wall supported mud flotation. 

“In many parts the waterfront Manhattan, for instance, bed- 
rock over 200 ft. below the river bottom, overlaid with soft mud. 
the rock sections the wall has acquired height above the rock much 
ft. other rock sections the wall founded upon rock that 
has had blasted order create sufficient depth for wharfage 
front, and take off sufficient rock for stepped-off bottom 
order safely found the wall against the slope the natural rock. 

“In the soft mud bottoms the longest piles are used.. most 
types requiring pile foundations, the piles are usually off 
depth about ft., below mean low water, and from the top these 
piles the wall proper built. 

“In the case the rock bottom type the proper may con- 
sidered commence the top the bag foundation which built 
immediately the rock bottom proper grade, for receiving the 
wall proper. From the tops these pile and concrete bag foundations, 
the wall built the vicinity mean low water concrete 
blocks, varying according design from about about tons 


Engineering Record, August 5th, 1911, 176. 
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CONCRETE BLOCKS BUILT AND PLACED IN WALL BY DEPARTMENT OF DOCKS, AND REMOVED BY THE EDISON COMPANY 
IN THE CONSTRUCTION OF INTAKE TUNNELS. 
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weight. These blocks are moulded air mould boxes 
and are shipped scows from the yard which they are fabricated 
any point the waterfront where they are used. For handling 
these blocks use two derricks, according weight block, 40-ton 
derrick and 100-ton derrick. 

“Above these blocks the type construction generally the same, 
consisting four courses granite facing, headers and stretchers, 
dove-tailed into thick backing concrete deposited masse the 
rear the granite, and all carried the grade for the granite 
coping. several places deposited situ forming homo- 
geneous mass with the concrete backing substituted for granite and 
carried the coping course. This usually done points par- 
ticularly where piers project from the bulkhead, this portion 
the wall covered the pier and, therefore, not visible. This type 
construction with face, instead granite face, appears 
also the general construction the Claremont Section, the 116th 
Street Section, the Gowanus Section South Brooklyn, the Whale 
Creek Section Brooklyn, the Fulton Section the lower East River, 
and part the Old Slip Section the East River. 

“All this wall construction has been built the river itself, 
generally well off from the shore, salt water, tide with 
average range ft., varying extremes ft. The tidal and 
current conditions most parts the East River waterfront are 
severe that diver not able stand and work for more 
than half hour slack water, necessitating the construction tem- 
porary breakwater barriers protection for the diver and for work 
against the current. 

“The Department Docks and Ferries, the present time, has 
built about miles this river sea-wall, requiring its con- 
struction the neighborhood 6000 blocks. the course 
years the Department has had many opportunities for examining 
the condition this wall connection with the building sewers, 
the present time disintegration has been discovered that 
can attributed the existence the structure salt water. The 
concrete itself admirable state preservation, absolutely hard, 
and undergoing regular process disintegration. some 
cases between high and low water marks, where the has been 
deposited situ, there are indications ice abrasions, but nothing 
whatever cause any softness expect ultimate trouble. 

some cases there are indications the effect wave action 
scour the freshly deposited concrete within the tidal range, due 
carelessness work the mould boards, creating opportunity for 
tidal wave scour, but this trouble does not appear progressive 
after the original scouring action the freshly deposited concrete, 
excepting the case gravel conerete. opinion that gravel 
concrete not proper material use masse (not moulded air), 
where subjected wave action tidal effect the 
process depositing. 

“Up the present time the Department has not been obliged 
spend much money repairs the This wall was built 
permanent, and the present day all the exposed concrete, 
which the course few years may become little worse from 
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abrasion than the present time, can repaired and brought its 
original state with the expenditure few hundred dollars. 

“The extreme conditions that exist Boston and that are 
seen certain parts this harbor, outside work done the city, 
and, fact, all the various harbors the world, could not 
exist and continue the municipal work the City New York 
under its present financial control and government. 

harbor works built other cities under municipal, pri- 
vate corporate control, well constructions European har- 
bors, course, all built originally great 
expense, over timber construction which might have been built under 
ordinary expenditure far less cost, and are only permanent invest- 
ments, according their behavior; therefore, because the partial 
failure threatened failure much concrete work harbor con- 
struction, leading engineers throughout the world are assuming un- 
usually expensive construction their endeavors 
manency, going the other extreme and using granite stone. 

“Notwithstanding the failure partial failure concrete the 
presence salt water, certain localities, the fact remains that this 
sea-wall which has been under construction the City New 
York for years, the present time excellent piece work 
and subject the same climatic conditions all cities the 
Northern Atlantic Coast with the attendant ice, cold and rain charac- 
teristic this latitude.” 


With reference the concrete blocks mentioned Mr. Betts 
having been removed from the bulkhead wall after immersion the 
salt water the harbor for years, Figs. and are submitted. 
These are from photographs the blocks after they had been removed 
from the wall Street, East River, and placed the Department 
Dock the East 24th Street Yard. These blocks, weighing about 
tons each, and recorded Nos. and 82, respectively, were fabricated 
June 20th and August 16th, 1902, and were set the East 38th 
Street bulkhead wall July 14th and August 30th, 1902. They were 
removed from the wall the Edison Company, the construction 
intake tunnels, October 31st, 1912. 

The abrasions along the top and parts the bottom edges 
these blocks are the result chiseling, taking the blocks out 
the wall and breaking their contact with the concrete backing and 
granite which surmounted them, They are perfect state 
preservation, showing disintegration, even the extent the dis- 
placement particle. The edges are practically knife-edges, and 
the sharp-cut ridges along the joint lines the mould show 
clearly. These blocks will used other work the Dock Depart- 
ment when convenient. 

Mr. Taft has presented design for permanent concrete dock 
which doubt would answer for some localities where the bottom 
would permit constructing foundation such recommends. 
novel many its features, and has many good points; but the 


DISCUSSION: PIER CONSTRUCTION NEW YORK HARBOR 563 


question decreasing the thickness slab the type deck 
being built this Department would not considered here. This 
question that cannot decided analytically, but must answered 
experience with structures subject the heavy side shocks which piers 

receive, together with the shocks from traffic, and from merchandise 

falling while being pier. described the 

paper has been tried out and its slightly greater than that 

used the original piers; any future change, ever made, would 

increase it. 

may interesting many the members the Society 
mention that another governing with the Dock Department 
engineers, evolving type pier leading the use reinforced 
concrete deck, was the elimination any possible patented process. 
Municipal contracts New York must prepared avoid 
the use any patented processes, order that competitive bids may 
received produce the structure under the design presented. This 
not only barrier, but troublesome throughout the whole prepara- 
tion the contract and while the work under construction. The 
Department, therefore, has evolved type which, least, has not 
caused any trouble from this source; simply calls for preseribed 
size rod and spacing, their equivalents other shapes, which 
bid can made anybody manufacturing steel for reinforced 
concrete. 

Mr. Taft’s type, however, has many good features, and might well 
used private corporations desiring permanent structure, the 
writer’s only objection being the thin slab for heavy traffic. 
This not such serious factor detract from its usefulness, the 
necessary increase the thickness this slab would not add greatly 
the cost, although Mr. Taft makes quite feature this. 
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FLOOD FLOWS.* 
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The determination the magnitude the maximum flood that 
may expected occur river importance many prob- 
lems connected with engineering works. The problem complex 
one because floods are produced combinations large number 
conditions, many which are themselves variable quantities. 

Floods which have occurred some rivers have been greatly 
excess others the same river. These great floods come rarely 
any one river, but extraordinary flood occurs some river every 


year. study their past frequency gives the best indication 


what may expected the future. 

The object this paper is: present study the fre- 
quency floods; 2d, show the relation between the catchment 
area and the magnitude the flood; and 3d, present formulas 
and tables serve aid judgment estimating the probable 
maximum flood expected river. 

Formulas for problems this nature should considered only 
convenient and simple means expressing the data. They serve 
framework which arrange the data orderly manner, 
that they can better understood and more readily used. The 
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formulas are value only when clear and concise 
tables data. tables here presented contain coefficients deduced 
from the data for many streams. These coefficients show the flood- 
producing capacity the streams. Coefficients are given for streams 
various parts the country, and should prove service select- 
ing coefficients for others for which local data are not available. 

The conditions which produce affect floods may divided into 
two classes: First, those which relate one stream and tend make 
all floods greater less than others; and second, those which 
are general their far area concerned, but are variable 
time, tending produce floods various magnitudes from time time. 

the first class may included the following: The prevailing 
conditions rainfall; the size, shape, and slope the area; 
the character the soil and vegetation the catchment area; the 
physical characteristics the stream channel; the storage capacity 
reservoirs; and many other physical characteristics the catch- 
ment area and the stream itself. Some these characteristics may 
changed time the action the elements the works 
man; otherwise, their effect floods may considered constant. 

the second class may included the following: The rate 
rainfall; the snow conditions; the temperature conditions; the quan- 
tity water stored reservoirs, lakes, and ground the time the 
flood the velocity and direction the storm; the formation 
ice dams other temporary obstructions the river; and the 
many other elements which cause one flood differ from another 
the same stream. 

two floods are exactly alike. Two storms like intensity, 
velocity, and direction passing over catchment area may produce 
different floods. One coming time when the water the ground 
and the lakes and reservoirs low may produce only moderate 
flood. second, coming time when the lakes, reservoirs, and 
ground are filled, may produce large flood; or, the second occurs 
conjunction with high temperature, when there large quantity 


snow the water-shed, very large flood may 

When the great variety conditions which affect each flood 
considered, will seen that the number combinations which may 
occur When many conditions tending large floods occur 
coincidently with great rainfall, extraordinary floods are produced. 
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The chances such coincidence may considered equal for differ- 
ent streams. Clearly, the study the effect elements this class 
one 

study based solely the larger floods would misleading, 
flood size which would ordinary one stream may ex- 
traordinary another stream. essential, then, study each 
river separately, and establish some standard which represents 
normal flood that river before the study the probability the 
occurrence extraordinary floods undertaken. 

The standard selected for this use this paper the average 
yearly flood. using this average flood, the effect the variable 
elements neutralized large extent, that direct comparison 
one river with another possible. Also, comparison the 
larger floods with the average flood the same stream gives means 
determining the frequency with which the former occur. 

give clearer idea the scope the paper and the methods 
used, few definitions, summary the more important conclusions, 
and statement the formulas proposed are here given. 

Unit Flood quantities flood flow are stated 
feet per second. 

Twenty-four-Hour Average Flood.—Unless otherwise 
floods are the basis the average rate flow for consecutive 
hours. Most the data available are this basis, which the stand- 
ard used publications the United States Geological Survey. 

important know the maximum rate flow the flood, separate 
study made show the relation between the maximum rate flow 
and the 24-hour average rate flow. 

Yearly Average Flood—The yearly average flood stream 
obtained selecting the maximum 24-hour average flood for each 
year and taking the average these floods. 

Frequency Occurrence Floods—By frequency meant the 
probable time interval, years, between the occurrence floods 
approximately the same magnitude. 

Nomenclature.— 

the greatest average rate flow for consecutive 
hours during period years, feet per 
second; 


: 
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the maximum rate discharge flood, cubic 
feet per second; 
the average yearly flood, cubic feet per second; 
the number years the period considered; 
the catchment area the river, square miles; 
coefficient which constant for the river the 
point observation. 
Formula Proposed, Obtained Plottings the Existing Data 
American Rivers.— 
rate flow expected under the same conditions. 


(1) Though flood flows different rivers vary greatly, some 
the characteristics the rivers affect the floods substantially the 
same manner throughout the country; and expressions may derived 
which show these effects. 

(2) The effect the size the catchment area the flood flows 
throughout the country much the same; and this relation between 
the size the catchment area and the size the average yearly flood 
may represented approximately the expression, 


such being true only the case the 24-hour average rate flow 
the floods, 


(3) The relation between the maximum rate flood flow 
stream period years, and the maximum rate flow for hours 


during the same period, may represented approximately the 
expression, 


Table gives the relative size for the maximum rate and the 24-hour 
average rate for different catchment areas, according this relation. 

(4) streams throughout the country, floods which are certain 
ratio the average yearly flood occur with much the same frequency, 
and, the average, the probable maximum flood period years 
may represented the expression, 
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Catchment area, flood to average Catchment area, tlood to average 


square miles. flood. square miles. 24-hour flood 


(2) 


periods years, according the foregoing relation. 


YEARS AND THE AVERAGE YEARLY 


Ratio of largest | Ratio of largest 
Time, years. flood average years. flood average 
yearly flood. yearly flood, 


(2) (2) 


going relations discount the effect the length period observa- 
tion and the size the catchment area; these coefficients will serve 
gauge for the flood-producing capacity the streams; and the 
difference value these coefficients caused the various physi- 
cal characteristics the river and its catchment area, such storage, 
soil conditions, and the difference the prevailing rainfall 
conditions. 

data available for study floed flows consist 
ords floods many streams covering periods comparatively 
few years, few continuous records for long periods, and many 
scattered data single great floods. recent years, the Geo- 
logical Survey has obtained observations large number streams, 
either its own observers conjunction with interested parties. 


0.1 5.0 500 
100 115 100 000 
Table gives the relative size flood which may expected 
1.00 2.36 
1.56 100 
1.80 500 3.16 
3.40 
(5) Coefficients may obtained for streams utilizing the fore- 
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The Survey has also collected many data from old records. Many 
State commissions officers have collected and published data. Some 
the best records are those kept water-power manufacturing 
corporations. 

Records the same floods, quoted different reports and books, 
vary frequently. has been possible sometimes follow these rec- 
ords their original source and obtain the most probable value, but 
undoubtedly many inaccuracies exist. believed, however, that 
the main the data may considered sufficiently reliable form 
basis for study this character. all events, the best avail- 
able the present time. very fortunate that there are few 
records which are both accurate and complete, and cover periods 
sufficient length make them great value. These observations have 
been made those who appreciated the value such records, and 
whom accuracy was the first importance. 

The estimates that have been made flow during great floods 
rivers where regular gaugings have not been made are considerable 
value check the frequency occurrence, although many 
these estimates are only rough approximations, adequate basis 
for estimate rarely hand, especially after the event. 

There are probably existence many other data. The writer has 
used all that has hand, the accuracy which 
questionable. 

The method rating rivers which used this paper, involving 
does simply the observation the single largest flood each year, 
makes possible rate large number. approximate value for 
the average flood, and for the coefficient, may obtained from only 
years’ continuous records. 

Effect the Size the Catchment effect the size 
the catchment area flood flows first studied for 24-hour average 
floods. The method used compare the average yearly floods for 
different rivers. The use these floods, though eliminates the 


effect the variable conditions involving time, does not any way 
eliminate the effect the constant factors, such prevailing rain- 
fall conditions, soil conditions, slope, storage, etc. These latter factors 
are such importance that floods streams one section the 
country may many times larger than those streams similar 
size another section; and, even the same section, wide variation 
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may occur streams about the same size. make 
comparison which will show the effect the size the catchment 
areas, the streams must grouped such way that the 
these constant factors will similar. There are many these 
factors that grouping can arranged that will make all them 
even approximately equal. the whole, seems best subdivide 
the country into sections which will have similar conditions rain- 
fall climate, and rely the average large number 
streams eliminate the effect the remaining factors. For this 
purpose the following subdivision the Geological Survey may 
serve well any 

New England States, 

Hudson River Basin, 

Middle States, 

South States, 

Ohio River Basin. 


St. Lawrence River Basin, 
Hudson Bay, 

Upper Mississippi River Basin, 
Misscuri River Basin, 

Lower Mississippi River Basin. 


Western Gulf Mexico, 
Colorado River Basin, 
Great Basin, 

Southern Pacific Coast, 
Northern Pacifie Coast. 


Tables contain data the average yearly floods for the 
rivers. The data from these tables are plotted Plates IX, 
and 

The rivers some these divisions are much alike their 
characteristics that they have been plotted the same diagram, 
follows: 


New England States, Hudson River Basin, Middle 

Atlantic States, and South States. 
Plate IX...... (a) Ohio River Basin. 

St. Lawrence River Basin and Upper 

sippi River. Basin. 


Eig 
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RELATION BETWEEN CATCHMENT AREA AND FLOOD FLOW 
OHIO RIVER BASIN 


PLATE 
TRANS, AM, SOG, CiV¥. ENGRS, 
No, 
FULLER 


FLOOD 
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St.Lawrence River Rasin —— ® 
Upper Mississippi River Basin —— ® 
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Missouri River Basin and Lower Mississippi River 

Western Gulf Mexico and Colorado River Basin. 
Plate Northern Coast and Southern Pacific Coast. 


The rivers the Great Basin and Hudson Bay vary widely 
their flood flows that plottings have been made. 

study these diagrams, which are logarithmic scales, shows 
that, though the plottings cover zones considerable width, the gen- 
eral ‘slope these zones definite, and may represented the 
lines drawn. The data for the rivers the Eastern Coast are the 
best, and the diagram for them shows the relation well. The slope 
these lines 0.8, that may stated that the average rate 
‘flood flow during hours varies the 0.8 power the catchment 

The plotting for the Lower Mississippi and Missouri Rivers would 
indicate slope less than 0.8. examination the characteristics 
the rivers these basins, however, shows that the smaller ones 
are mainly mountain streams, and the larger ones flow through flat 
country. There is, therefore, unbalanced element difference 
the data which may account for the apparent difference the results. 
The general indications not justify any change the value 
the exponent for different sections; and though the data for some 
sections are not satisfactory for others, believed that this 


holds .generally throughout the country. 

All the plottings made these diagrams are for 24-hour average 
flow, and the formula, (Ave.) holds for such 
this differs from some other formulas proposed, and should not 
compared with them. 

Rate Flood.—For all floods the maximum rate flow 
will exceed the average for hours. For the larger streams the rate 
run-off will considerable magnitude for least hours, and 
for small streams cloud-burst may cause flood which will run off 
few hours, giving large maximum rate with only moderate 
24-hour average rate. should expect then that the maximum rate 
flood, compared with the average rate for hours, will greater 
for small than for large rivers. 

There are not sufficient data available admit satisfactory 
independent study the maximum rates comparison with the sizes 


1 
+ 
Aes, 
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the catchment areas. seems best, therefore, study the rela- 
tion between the maximum rate flow and the 24-hour rate flow. 
are interested more particularly the maximum rate the great 
floods. That is, want ascertain the probable maximum rate 
flood which likely occur long The greatest maximum 
rate flood during period years does not necessarily occur during 
the same flood that gives the maximum 24-hour flood. The larger 
the 24-hour floods are usually produced storms considerable dura- 
tion, that the relative excess the maximum rate over the 24-hour 
average rate will not great for the large 24-hour floods will 
for smaller 24-hour floods. Table shown the rivers for which 
both the maximum and the average 24-hour rates were obtained. 
some cases these represent different floods, but generally they repre- 


excess 


Name of river. area, in maximum over 


les. 


hours. average. 


(2) 


~ 
a 
~ 


Sylvan Glen 
Starch Factory.... 


Fomer 
gest 


Tohickon.... 
Neshaminy 
Oriskany... 


Osage...... 
oods) 


Fourche 
Yadkin 
Kennebec. 


Merrimac, 
Penobscot. 


Allegheny... 
Susquehanna. 
Susquehanna (ice dam 


| 
} 


| 


1.18 337 87 8 2.87 
66.8 0.67 
epaléonts 3.4 872 250 1 1.4 
337 183 1 
average of 4 lar- 4 
628 
102 100 650 0.68 
vues 189 19000 . 9 012 2 1.10 
144 4170 855 0.08 
286 200 100 0.22 
1070 83 170 1 0.27 
Penobscot. 1100 21 400 1 0.20 
; 1 237 83 900 1 0.14 
250 
; 1 306 25 250 1 1.19 0.19 
560 
bowed 8 250 5041 1 0 
8 400 104 600 1 0 
4270 151 000 1 0 
127 000 1 0 
4 638 74 000 1 0 
7 300 276 500 1 0 
26 766 352 900 1 0 
58 530 221 000 1 0 
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sent. the same one. These are mainly large floods, but not neces- 
sarily represent the maximum flood the river. probable that 
the relation, obtained, the average the data Table repre- 
sents one large enough for use obtaining the probable maximum 
rate expected considerable term years, although some 
smaller floods may have much greater excess maximum rate over 
the 24-hour average rate. 

The method obtaining the relation between the two rates flow 
shown Table and Plate XII. The ratio the excess the 
maximum rate flood over the 24-hour average rate the average 
and average curve drawn. From this curve may obtained the 


This should considered only approximate average relation, 
which considerable deviations particular cases are 
expected. 

The great rate flood the Susquehanna which shown the 
diagram was due ice jam, and may considered rare occur- 
rence, .It should perhaps considered matter frequency 
flood flows rather than relation between the maximum rate and 
the 24-hour average rate. That is, such occurrence comes probably 
only long period time, and during that period larger 24-hour 
average floods than the one given for this flood would normally occur, 
that the relation between the two rates considerable period 
years would less than indicated this particular flood. Fre- 
quently, the ice dam, though would cause great flood immediately 
below the dam, would not increase like extent the flood some dis- 
tance farther down stream. the temporary storage along the river 
and ponds and lakes will take the water let loose and 
equalize the flow. 

Frequency Occurrence Floods.—If the data for all the floods 
that have occurred single river for several hundred years were 
available, relation could. established showing the average fre- 
quency with which floods any size occur. such data are not 
available, becomes necessary, order establish the frequency 
relation, utilize data for shorter periods many rivers. Special 


— 

4 
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studies were made see this relation was similar for different 
rivers. Although considerable variation occurred for the 
records, these studies showed clearly that general law could estab- 
Tables 26, the larger floods many different rivers: 
are compared using the proposed formula for frequency. in- 
spection these tables shows that the values the coefficient thus 
obtained are, most cases, reasonably constant, and are similar 
the values obtained comparison with the average yearly flood, thus 
indicating that the frequency relation holds for the different 

rivers follow the same general law, allowable use the 
data all the rivers the same way those single pro- 
vided such data can put basis. The use the yearly 
average flood affords means doing this. the same law holds, 
the ratio the larger floods the yearly average floods should the 
same for all rivers for the same period time. The method com- 
paring the data and obtaining the frequency explained detail later.. 

most the data were obtained during the last 
objections this method analysis may raised the score that 
weather conditions may have been different during other periods 
the past, may different the future. Certainly, weather con- 
ditions throughout the country were subject permanent changes, 
objection would well taken. There evidence, however, that 
this so. The rivers considered are distributed throughout the United 
States, that local conditions should not affect the results. know 
that dry season one section the country may occur during 
same year wet season another section. also know that 
storms which cause great floods small streams may cause only 
moderate floods larger streams, and vice Considering these: 
facts, the diversity the conditions, and the large area over which 
the rivers are distributed, seems that periods years 
give fair average the conditions which have existed the 
and will probably exist the future. 

check this frequency relation have long-term records 
for few rivers, which show that the relation holds approximately 
these rivers. few these records cover century. further check 
given the lower diagram Plate XI, which the greatest: 
floods the century are plotted, showing close relation the pro= 
posed formula. 
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Determining the there some choice 
the flood selected the study for frequency, some matters 
involving the general method which has been followed are here given. 

are given record floods for series years, may 
into number equal periods time. independ- 
ently, the maximum flood each period might said represent 
the probable flood obtained that period. These maximum 
floods, however, will vary, and may select the most probable maxi- 
mum flood which will occur given period any the following 
methods. 

First, the average these maximum floods, which may called 
the average maximum flood expected this period time; 
second, the one these maximum floods for which there one greater 
for each one less, which may called the median maximum flood 
expected the period time; third, the smallest these maxi- 
mum floods, which may considered the flood that should 
equalled exceeded the period time. 

the yearly floods considered range from fraction the aver- 
age several times this average, may readily seen that there 
will probably more floods less than, than there will more 
than, the average. The average the maximum floods, then, will 
exceed the median flood. question which these two floods 
better represents the requirements. The average flood more easily 
obtained and more accurate, particularly for short-term records. 
larger, thus leading safe design. the study based the 
average yearly floods, seems better continue the method and use 
the average maximum flood. The relation between the foregoing differ- 
ent floods seems constant, shown the detailed method 
given later. may stated that would have been possible have 
used the median flood from the start, have selected the median yearly 
flood, and have made the study that basis. believed, 
ever, that, the whole, the average flood method the better. 

should noted that the results are also affected two other 
matters. First, only the single largest flood each year used. This 
all the others during that year, although they may have 
been greater than the largest flood other years. these second 
and third floods some years were included the study, they would 
give somewhat higher values for the probable flood. the 
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‘other hand, the method analysis attention paid the fact 
that some the largest floods may come close together. assumed 
that the floods are uniformly distributed over the period, 
fact, some periods would have two more floods the size under 
consideration while others would not contain any such flood. this 
were taken into account, would tend reduce somewhat the value 
the probable flood expected. These errors methods, they 
may called, are not great moment. Generally, may said 
that the flood obtained the proposed formula probably somewhat 
excess that which would expect get any one period, but 
the average the floods number periods the same 
length. 

General Method.—The general methods treating the data can 
best shown specific example. For this purpose, the writer has 
used Tohickon Creek, the data for which are contained the reports 
the Philadelphia Water Board for years. All the steps leading 
the determination the average flood and the frequency 
floods this stream are shown. working out the 
general formula for frequency for all rivers, the same method fol- 
lowed here given, the data for all the rivers being collected and 
used they were for one stream. This example then illustrates 
the entire method procedure. The first step select from the 
daily records the largest single flood for each year. These are shown 
Column.2 Table .The second step average all these floods, 
shown the foot Column The third step select and 
arrange the floods order their magnitude. This indicated 
Table representing the largest flood; the second; the 
third, etc. The next step find the ratio these larger floods 
the average flood. This shown Column The next step 
arrange the data that the frequency may determined. The 
methods for doing this are shown Table 

The methods determining all the three different values for the 
probable flood expected, previously stated, are here given. 

Method Obtaining Average Maximum Flood 
The method computing the average maximum flood 
shown Table Part Column gives.the serial number each 
flood,.in order size. Column gives the ratio the flood the 
average flood, taken from Table Column gives the summation 
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all the floods equal exceeding the flood concerned. Column 
gives the summation Column divided the serial number. Col- 
gives the total number years the record divided the 
serial number. evident, then, that Column represents the 
average the floods which occur the period years given 
the first diagram Fig. the values Columns 
and are plotted logarithmic scale for the values the time 
(Column and ordinary scale for the values the ratios 
(Column 4); these plottings are marked the first diagram 
Fig. 


River, Tohickon Station, Pt. Pleasant, Pa.; Catchment Area, 102 sq. 

58.5. 


Dat Maximum 24-hour average Ratio of flood to average 
ave. flood for the year. yearly flood. 
(1) (a) (3) 

4379 1.06 
5 35) » 
8 4938 
2 858 
3 158 
50 
1 
3 222 
No record. 
0.99 
5 958 Q, 1.45 
4 968 1.21 
4395 1.06 
4175 0, 1.01 
1.00 
20 
3 050 


Average yearly flood (Ave.) 102 917 4117. 


Median method obtaining the median maximum 
flood Table Part second largest flood here 
taken representing the size that one which will probably come 
one-third the total period. That is, there will flood 
greater, one less, and one equal the three periods. the 
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same way, the third flood taken the most probable one for 
period equal one-fifth the total time, and on. Column gives 
the serial number from Table Column gives the corresponding 
ratio; Column gives the time for which this flood the median, and 
obtained dividing the total time one less than twice the serial 
number. Columns and are then plotted for the first method. 
These plottings are marked the first diagram Fig. 


TABLE Creek. 


No. of flood, in order Ratio of flood to Summation Summation of Time, in 


(2) (3) (4) 


No. flood. Ratio. Time, years, 
(3) 


Ratio. Time, in years. 
(2) (3) 


2 
I | | 
Bi 1.59 8.88 
De 1.4 5.00 
1.80 8.57 
1.21 2.79 
1.15 2.27 
(1) 
te 
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a 
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Flood Equalled method obtaining the 
select the least the maximum floods the periods. The 
ond flood taken for one-half the time, the third for one-third 
the time, and the fourth for one-fourth the time, etc. This means 
that, considering four periods, there will three these which will 
have flood larger and one which will have flood equal the value 
which have selected. The ratios and corresponding periods time 
are marked the first diagram Fig. 

Method Obtaining Average Relation for Frequency for All 
method used obtain the frequency relation for all 
streams investigated the same that illustrated for Tohickon 
Creek. All the data are used precisely they constituted record 
for single river covering period time equal the sum the 
length the records for the individual rivers. studying the mat- 
ter frequency, plottings were made for rivers many different sec- 
tions the country. this paper only two these are given; first, 
that for all the rivers the Eastern Coast, which represents the best 
data, covering the greatest length time; second, the data for all 
the rivers the United States for which records years more 
are hand. The data for the Eastern Coast rivers are given 
Table and are plotted the second diagram Fig. The fre- 
quency relation for these rivers (Ave.) 0.75 log. 
The data for all the rivers the United States with records equal 
exceeding years are given Table and are plotted the third 
diagram Fig. The relation for these rivers (Ave.) 
0.83 log. For other sections, somewhat different relations 
were obtained. The difference these relations not great. The 
variation hardly justifies establishing separate values for each sec- 
tion, and single one all that warranted. The expression, 
efficient log. between the relation established for the 
eastern rivers and that for all the rivers. 

The relation between the average maximum, the median maximum, 
and the flood equalled exceeded shown Table 


studying the data, few rivers, located principally arid and 


semi-arid regions, were eliminated account unusual conditions. 
such sections conditions are such that floods worthy the name 
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TABLE BETWEEN THE AVERAGE THE MEDIAN 


RATIo TO AVERAGE YEARLY FLOOD. 


No. years 


flood Q poy 
ed) = =.) 
log. (0.9 0.8 log. (0.7 0.8 log. 


(4) 


Recorps Were 


divided by 
‘ which is No. of 
Serial Ratio Summation Column 1; exceeded in | years in the 


period periods. 


Two large floods eliminated, the record was not continuous. For such cases, where 
the record includes a few large floods, these are used, after which the computations are 
adjusted eliminating the effect these floods and proceeding they had not existed. 


(1) (2) (3) 
1.0 0.9 0.7 
1.56 1.46 1.26 
1.80 1.70 1.50 
2.36 2.26 2.06 
2.60 2.50 2.30 
1.QOO. 8.40 3.30 8.10 
(2) (3) (4) (6) 
312 312 312 one 1 532 
3805 617 308 766 
271 888 296 305 511 
271 1 159 289 384 
264 1 423 285 271 306 
260 1 683 280 * 255 
257 1 940 27 271 219 
255 2196 24 eee 192 
250 2 446 272 264 17¢ 
10 250 2 696 270 sue 158 
ll 248 2 942 267 260 130 
12 234 8177 264 eae 128 
18 231 8 408 262 257 118 
14 226 8 634 259 si 110 
713 225 8 378 260 257 116 
14 221 38 599 257 ese 108 
15 8 820 254 255 100 
§ 
16 7210 4 041 252 eee of 
21 205 4 930 234 228 64 
22- 31 186 6 846 220 210 44 
82- 38 177 8 066 212 205 34 
89- 49 172 9 981 208 198 27 
50- 54 167 10 564 196 188 23 
55- 68 160 12 (21 191 186 19 
| 64- 68 154 12 689 187 185 16 
69- 78 14214 182 176 14 
79- 89 156 15 680 176 174 ll 
90-100 144 17 281 173 171 10 
101-114 141 19 278 168 168 9 
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some years, though occasionally there large one. For 
such cases the average yearly flood becomes low and the percentage 
the maximum flood becomes unduly high. These conditions are 
quite different from those generally found, and seems best ex- 
clude such cases. follows, course, that the frequency relation 
here proposed does not hold for such rivers, 


More AVAILABLE. 


Column 
divided Median flood Number 


Column one-half the the 
flood in this periods. period. 


Serial Ratio of 
number. flood. 


Summation 


(3) 


Table contains data few the largest. relative floods 
the United States, compared with the average yearly 


(1) (2) (4) (5) (6) 
812 685 342 836 
298 978 312 557 
201 269 315 418 
270 1815 278 
262 608 289 276 186 
253 861 286 167 
250 8111 282 270 152 
238 276 267 129 
231 4527 266 262 
200 410 235 224 
169 286 208 198 
156 768 191 181 
150-160..... 150 825 187 10.5 
144 769 182 172 9.5 
139 587 178 169 8.5 
134 319 174 167 7.5 
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TABLE THE COMPARED WITH THE 
AVERAGE 


FLoops, iv CuBic Fret 
Drainage PER SECOND. Ratio 

area, | Point of observation. |. | maximum 
to average. 


Average. 


(4) (7) 


Compton 
Kans.... 
Platte... Denver, Colo. 

State Line, Cal 
Grange, Cal 
.. Savannah Augusta, Ga 

(Schuylkill ..... Philadelphia, Pa 
..|Passaic Dundee, N. J 
Gibbon, Ore 
Waterville, 


PPS 


Use THE 


Selecting the Value for the Coefficient, con- 
tain values for the coefficient, for many rivers the United States. 
These coefficients are applicable for the river the station where the 
floods were observed and for other points the river where conditions 
are not materially different. Obviously, the coefficient for river 
above large branches above points where there may 
storage may different from that the river below. Slopes and 
other conditions affect the coefficient, and for the river other points 
than where the gaugings were made, judgment must used its 
selection. The coefficient for the upper portion river may 
different from that for the lower portion. The coefficient for the 
river, however, taken connection with others for similar rivers, 
should enable one select approximate value for any river 
the tables. For streams for which coefficierits are given the 
tables, approximate values may obtained comparison with rivers 
having similar characteristics, for which the coefficients are given. 

may possible obtain local data the height the ordi- 
nary yearly flood, which may give indication the value the 
the larger floods the stream, and one can ascertain the time 


™ 
000 114 300 
151 000 600 
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when these occurred, the data may reduced the formula fre- 
quency obtain approximate values 

Some data this latter character are contained Table 28. 
attempt has been made reduce these data find the value 
the information regard the period represented not 
Local investigation the conditions might enable one form 
reasonable estimate the period time these floods represent, 
probable that records other floods these streams would 

available, together with the time the occurrence, that approxi- 
mate values for the coefficients could established. 

The effect flood flow such factors slope drainage basin, 
shape drainage basin, rate rainfall, etc., have been studied and 
discussed number papers. For the sake convenience, and 
aid the selection the coefficient, from the tables, may 
well summarize briefly the effect some these factors, stating 
generally their effect the magnitude the flood. 

erally speaking, all storage tends reduce the size floods. Rivers 
which there are many lakes reservoirs, which there are 
large sandy areas, generally have low flood flows, compared with 
rivers otherwise similar. When the lakes and reservoirs are full, the 
storage below the overflow not available for reducing floods. Storage 
above the overflow, however, always available, and the quantity 
stored, the water rises above the overflow, certain reduce 
some extent the flood the stream below. the same way, 
storage the ground more less available, depending the 
condition the ground-water that time. The effect storage 
above the overflow reduce all floods, and the effect storage 
the ground and that below the overflow rather make large 

floods less frequent occurrence. 

The temporary storage above the overflow the most important 
for natural reservoirs, such lakes and ponds. Where reservoirs 
are controlled and used for power purposes, for water supply, the 
storage below the overflow may important; but these reservoirs 
may filled when the larger floods come, dependence cannot placed 
such storage. 

evident that this storage will affect the floods resulting from 


different types storms different ways. storm producing 
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long-continued flood will fill the available storage while the supply 
still high rate, that the maximum rate for the flood may 
nearly great would have occurred without the existence 
the reservoir. the other hand, flood from short, sharp storm 
will greatly reduced storage, because, before the storage filled, 
the supply will much 

order ascertain what effect this storage may have the maxi- 
mum rate flood, few specific cases were considered. 


TYPES FLOOD FLOWS CONSIDERED 
FOR SHOWING EFFECT STORAGE STREAM 
MILE CATCHMENT AREA 


per second 


g, 


Rate of R 


The method computation and the results are shown Tables 
and 11, and Figs. The 24-hour average rate and the 
maximum rate are taken given the formulas proposed this 
paper, using and 1000, which represents extraordi- 
nary flood average eastern river. 

Four different types flood flows are considered, shown 
Fig. These cover general way the more common floods. The 
ideal type, called the Continuous Maximum, gives the minimum limit 
for the effect storage. these computations assumed that 


the reservoir sides are vertical and that the overflow from weir 


with vertical sides, from which the rate overflow varies the 


power the height the water passing over the weir. 
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Figs. and show the effect different amounts storage 
for the assumed conditions. Table contains summary the 
results the computations for different cases. 

Fig. shows plotting the data Table 

From these tables and diagrams the effect this storage for the 
assumed conditions apparent. The study made for the effect 
comparatively small catchment areas for which the flood 
high rate would usually not last more than hours. For larger 
rivers, for which long-continued storms are common, the study does 
not apply. 

The data, though based assumptions, give approximate idea 
what the effect such storage may be. comparing different 
rivers for the purpose selecting the value the effect lakes 
and reservoirs may approximated these data. Table 
summary the data. 

The amount storage available dependent the width 
the overflow. Careful consideration should given flood reduc- 
tion determining the width spillways dams and the outlets 
lakes. many cases reduction the width overflow may 
advantageous, and, cases where the added cost not great, would 
worth while. 

slopes water-shed produce rapid run-off and, 
generally, relatively large flood flows. 

Shape Catchment more nearly equal the catchment 
basin divided among the branches the river, the more chance there 
concentration flood-water single point and the greater 
the flood flows. compact area will produce larger than 
long narrow one. 

number branches, affording good drainage 
the catchment area, will bring the water off more rapidly than 
few branches, and will cause larger flood flows. 

Condition condition the river-bed itself 
important factor. river-bed which has frequent points con- 
gestion which tend hold back the water and provide temporary 
storage will have smaller relative flood flows than one with smooth 
even bed which allows the water run off rapidly. The hydraulic 
properties the river channel, such the hydraulic radius and the 


coefficient roughness, affect the rapidity the run-off, and thus 
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Rate of run-off, in cubic feet per second 
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EFFECT OF STORAGE ABOVE OVERFLOW 
PARABOLIC RUN-OFF 


CATCHMENT AREA 
STORAGE EXPRESSED PERCENTAGE TOTAL INFLOW 


INS Run-off with storage equal to 23% 


Time of flood,in hours. 


EFFECT STORAGE ABOVE OVERFLOW 
SUDDEN-INCREASE RUN-OFF 
CATCHMENT AREA SQ.MILE 

STORAGE EXPRESSED PERCENTAGE TOTAL INFLOW HOURS 


3) 


Rate of run-off, in cubie feet per second 


12 16 
Time of flood,in hours. 


EFFECT STORAGE ABOVE OVERFLOW 
STRAIGHT-LINE RUN-OFF 
CATCHMENT AREA SQ.MILE 
STORAGE EXPRESSED PERCENTAGE TOTAL INFLOW 


12 
Time of flood,in hours. 


587 
0 4 8 24 28 32 


Rate oF FLow, tn Cunic Feet 
PER SECOND. 


STORAGE. 


n millions 
ic feet. 


Type run-off. No. Outfiow. 


average 

inflow. rate. 24 hours rate. 


Catchment area, 
in square miles. 
Average area of 
reservoir above 
the overflow, in 
millions of 
square feet. 
Total storage 
water, in millions 
cubic feet. 
Total run-off 
of cub 
maximum rate of 
outflow to 
maximum rate 
of inflow. 


24 hours 


a 
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EFFECT STORAGE ABOVE OVERFLOW 
PARABOLIC RUN-OFF 
CATCHMENT AREA 10 SQ.MILES 
STORAGE EXPRESSED PERCENTAGE TOTAL INFLOW HOURS 


0 4 8 12 16 20 24 28 32 
Time Flood, Hours. 


EFFECT STORAGE ABOVE OVERFLOW 
PARABOLIC RUN-OFF 
CATCHMENT AREA 100 SQ.MILES 
STORAGE EXPRESSED PERCENTAGE TOTAL INFLOW HOURS 


Runjoff_with storage 
inflow 


Time Flood, Hours, 


8000 


590 FLOOD FLOWS 


the magnitude the flood. The better the hydraulic properties, the 
greater the relative flood flow. The chances damage the flood 
such case, however, may less. 

annual rate rainfall has been embodied some 
flood formulas. This may misleading, the intensity 
and duration the rainfall during immediately preceding the 
flood that the principal Until more information avail- 
able the rainfall conditions, and duration, proba- 
ble that this element better left judgment its effect the 
coefficients streams. 


wit 
storage 


| be storage equal 
to 41 of inflo 


Hours 


EFFECT STORAGE 
ABOVE OVERFLOW 


PARABOLIC RUN-OFF 
AREA1000SQ. 


| | 
STORAGE EXPRESSED IN PERCENTAGE OF | 
‘FOTAL INFLOW IN 24 eee 
8 12 16 20 24 28 
Time Flood, Hours 
Fic. 5. 


The effects many these factors are not the same for different 
floods. some cases characteristics which would reduce the flood 
under average conditions tend increase for particular conditions. 
For example, entirely possible that storage will hold back the 
water some the branches river until such time greater 
quantities water are coming from other and larger branches, thus 
producing greater flood the main stream than would have occurred 
there had been storage and the first branch had run off rapidly. 
Such condition, however, exception, and the foregoing may 
said hold average cases. 


| | | | 
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TABLE 11.—Errect ABOVE THE OVERFLOW THE 


PERCENTAGE OF Maximum RATE OF OUTFLOW TO 


For short For long- For 
hours. inflow. flood. flood. flood. 


(2) (3) (4) (5) 


1 8 94 


EFFECT STORAGE ABOVE THE OVERFLOW 


UPON THE MAXIMUM RATE FLOW 
Percentage Storage 


ir 


Percentage Maximum Rate 


Water Stored Total. Water Flowing into Reservoir Hours 
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VALUES FOR THE COEFFICIENT, 


Tables contain flood data the rivers the United 
States for which the records could obtained with sufficient com- 
pleteness give approximation the coefficient, each case. 
Rivers for which observations are being taken present, with 
ords covering years more, are included, although, for these short- 

time periods, the value the coefficient may considerably error, 
and should adjusted when more complete records become available. 

Each table contains group rivers corresponding the classifi- 
cation made the Geological Survey, and the arrangement 
the rivers similar that given the more recent papers the 
Survey, order that reference can readily made thereto. 

The tables contain the following data: 

Column Name stream; 

Column Location the station which gaugings were taken; 

Column Catchment area the stream above the point ob- 
servation, square miles; 

Column Average yearly floods, obtained selecting the one 
largest flood for each calendar year, and taking the average 
these; this expressed the flow cubic feet per sec- 
ond during period consecutive hours; 

Column The largest flood, the second largest flood, and on; 
each expressed the flow feet per second during 
period consecutive hours; 

Column Number years for which the records the single 
largest flood the river could obtained; 

0.8 log. obtained from larger floods; these values 
are only approximate, and are obtained follows: 

For the first value which obtained from the largest flood 
record, becomes equal the length the period observation 
years, given Column then obtained the formula, 
(Largest flood record) 
where values are the larger floods divided 
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For the second value becomes the average the largest 
and the second largest the value becomes one-half 
the period observation, 


For the third value becomes the average the three largest 
floods, and becomes one-third the period observation, 


Other values are obtained similar manner. 
Column Value coefficient, obtained from the average 
(Ave.) 

Aes 
This value depending all the yearly floods, more accu- 


rate than those Column and should generally selected for use. 
Table contains data some the larger single floods rivers 


yearly flood; 


for which continuous records are not hand. These data are taken 
from various reports and papers, and many cases are only roughly 
approximate estimates. assumed that the flow recorded was the 
maximum rate, although some instances this may not have been 
the case. These represent some the greatest floods but 
not necessarily the greatest the stream question for any con- 
siderable period time. Frequently, stream observed for year 
for some particular purpose, and the floods are recorded. These 
floods may greater less than the normal, but, from the fact that 
they are recorded, the assumption may made that they represent the 
maximum floods the stream. Tables data single floods may 
misleading for this reason. this study, was some cases 
found that flows taken from tables maximum floods were actually 
less than the average yearly flood the river. 

Table includes only the larger floods this kind; and they 
probably represent one the larger floods that particular river. 

the following reports ‘and papers may found data 
rivers not here given: 

Report the Barge Canal, State New York, 1901, page 844, 

Kuichling. 
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Hydrology the State New York, Rafter. 

Geological Survey New Jersey, 1904, Vermeule. 

Reports Pennsylvania Water Supply Commission. 

Reports New York State Water Supply Commission. 

Reports Maine State Water Storage Commission. 

United States Geological Survey, Water Supply Paper No. 147, 
page 184, 

United States Geological Survey, Water Supply Paper No. 162, 
“Destructive Floods.” 


Selecting the Value have occurred 
some rivers during the last years which, normally, would re- 
peated not less than 1000 years. works are provide for floods 
equal the greatest that have been observed, value least 
1000 should used. Such flood greater one may occur 


any river any time, but not likely come soon any particu- 
lar stream. must remembered that the use 1000 does 
not mean that the corresponding flood will come the end 1000 
years, but that the chances are even that will occur some time 
during period 1000 years. means, also, that the chances are 
1000 that will occur any one year, that will 

The selection the proper value then becomes question 
what chance can afford take. the design spillway 
earth dam, the failure which would cause great damage, large 
value should used. The design temporary dam for con- 
struction purposes, the failure which would mean only small dam- 
age, would call for the use comparatively small value 

The decision the value selected should depend 
considerations the first cost the construction required provide 
for it, together with the probable damage case the flood exceeds the 
quantity provided for. The added cost due using larger value 
may regarded insurance against loss. Obviously, insurance 
compared the risk, less should taken. Considera- 
tion possible loss life and property, together with loss busi- 
ness, loss water supply for city, and other factors, must 
taken into account deciding the proper value Possible 
increased damage the future, due building sections below 
the dam, unusual difficulties reconstruction, must considered. 
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New 


VALUES 
tw Fret) oF C. 
PER SECOND. 
24-Hour 
AVERAGE. 


Name stream. Location station. 


Period of 
observation. 


square miles, A. 
From larger 


Catchment area, in 


— From average 
yearly 


St. John.. ....++|Fort Kent, Me... 
Wallagrass, Me... 
..|Fort Fairfield, Me 
Me... 
.|Whitneyville, Me 
Penobscot (West) Branch). Millinockett, Me. 
West Me.... 


Penobscot (East Me... 
Mattawamkeag......... Mattawamkeag, Me. 


Foxcroft, Me.... 
Kennebec 

Kennebec Bingham, 


North Anson, Me 
Sandy ..|Madison, Me... 
Cobbossecontec..... .|Gardiner, Me.... 


Androscoggin 


Pemigewasset Plymouth, 


Merrimac .. ..|Franklin Junction, N. H.. 
Merrimac .. ..|Garvins Falls, N. H 
Merrimac . Lawrence, Mass 


= 
Ss 


Connecticut..... Orford, Vt. 
Mass......... 


Connecticut............. ...|Holyoke, Mass 


Connecticut 
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0099p] 
a 
= 
(2) (3) (4) (7) 
5 62500] 75 600 6| 49) 66 
890 7 339 8 970 5} 14) 17 
2230] 30200] 34300 6| 44) 68 
1 420 9600 | 20300 9| 35) 29 
465 5740} 11100 42 
1880) 14000] 24250) 11) 82) 34 
22 110 36 
6600] 60680) 98400/ 11) 44) 58 
91 400 50 
1100] 12600] 21 400 9| 47 
1500] 16000] 24400 9} 40) 46 
21 100 48 
286} 10170} 18100 9} 112) 110 
13 800 114 
1570] 18720] 19890} 11) 380) 38 
18 330 33 
2660) 82000| 48000 51) 58 
8? 750 53 
4270] 59600 | 151000; 18) 94) 74 
111 200 93 
: 86 200 89 
85 1 660 1 970 33 
340 9080} 13670 8&8 
650 9800} 13800 5| 50 
240 1 850 3275 | 21; 20 
885 | 10500 
615 | 16 800 
1460; 18700 
2340; 24600 
4638 | 43 400 
3305} 381700 ll 9 
17 42) 4 
92 200 52 
8144| 73000) 115000) 26) 40) 54 
112 000 45 
; 99 700 46 
94 300 
87 900 48 
......... ......|Hartford, Conn............| 10284 | 118 400 | 205 200 | 104} 49) 71 
192 800 52 
178 400 54 
175 000 55) 
169 300 56 
167 000 57 
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TABLE 12.—(Continued.) 


(2) (3) (4) (5) (7)| (8) 


Israel (above South Branch)|Jefferson Highland, N. H. 8.7 356 8 68 

Israel (below South Branch) \Jefferson Highland, N. H 1.2 4 

Holyoke, Mass.......... 13 


Westfield Little............ Blandford, Mass 
Housatonic..........++ Conn 


TABLE 13.—VALUES FoR COEFFICIENT, 


River 


Fioop FLows, IN 
Cusic PER 
SECOND, 
24-Hour AVERAGE, 


Name stream. Location station. 
Average | Larger 
early. 

(Ave.). 


(1) (2) (3) (4) 


Period of obser- 
vation. 


Catchment area, 
square miles, 


yearly flood, 


Mechanicsville, 


Mohawk. Little Falls, N. Y 


Mohawk......... |Dunsbach Ferry, N. Y.| 8 440 


West Canada Creek..,....|TwinRock Bridge,N.Y. 
East Canada Creek Dolgeville, 
Prattsville, 
Olive Bridge, N 
Kingston, N. Y 
Rosendale, 


Starch Factory.. ...|Hartford, N. Y 
Graefenburg reek,.. Hartford, N. Y 


engineering judgment, the following method will give the economic 
value: Estimate the probable amount necessary make good all 
damage caused the flood exceeding the allowed amount. Multiply 
this the probability the flood occurring one year. The product 
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628 
48 1 420 2 135 4) 71) 70 
1020 16 000 | 81 000 9} 69) 68 
| 25 700 3 
| VaLvEs 
he 
: | 42 800 46 
42 600 53 
59 400 88 
56 300 39 
54 900 41 
1810 20 380 24 220 46) 
| 23 500 53 
50 500 84 200 12| 68| 7% 
: | 59 200 66 
55 700 67 
364 13 050 84 350 9 | 171) 116 
16 150 127 
256 5 950 12 150 12) 7) 71 
7 540 72 
240 7 940 183 100 9| 93) 99 
12 860 107 
239 8 420 15 888 7 | 114) 10 
9 376 108 
a 324 13 160 20 500 9 | 114) 129 
; 18 700 126 
380 13 290 19 510 9 | 96) 115 
18 300 107 
4.42 243 296 4| 61) 74 
3.4 851 515 4 | 131) 182 
0,282 18.4 15.2 | 4 | 28) 87 
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STATES. 


Name of stream. 


(1) 


Raritan 
Delaware (East Branch)... 


Delaware..... 


Delaware... 


Delaware (West Branch).. 


Musconetcong. ..........++ 
Tohickon Creek....... 


Neshaminy Creek......... 


Perkiomen...... 


Schuylkill...... 


Susquehanna 


Susquehanna 


oe 


Susquehanna 


Susquehanna ........... 


Chemung 


Location of station. 


(2) 


Chatham, 
Dundee Dam, N. J. 


Bound Brook, 
Hancock, N. Y 


Port Jervis, 
Riegelsville, (Former 
Station 
ville, N. J.)...... 
Hancock, N. Y 


Bloomsbury, 
Point Pleasant, Pa 


.|Low Forks, 


Frederick, Pa.......... 


Near Philadelphia, Pa.... 


Binghamton, 
Wilkes-Barre, Pa 


Danville, Pa. 


McCall's Ferry, Pa 
Binghamton, 


Chemung, 


Catchment area, 
square miles, 


~ 


Fioop Fiows, 
1n CuBic Feet 
PER SECOND. 


=& 


Period of 


observation. 


From larger 


floods. 
From average 


yearly flood. 
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VALUES 
&| oF Cc, 
24-HouR 
AVERAGE. 
hag | on 
200 
800 | 19700, 28500} 8% 93 
50 500 172) 
3250 | 62500} 108000; 8| 98 9 
300 
| 6 430 | 99000 | 176900/ 15) 82) 89 
| 171 700 92) 
158 300 96) 
830 
6 515 101 
5 960 101 
101 
90) 
74 
79 
80) 
‘ 
9810 | 128 800 12| 75| 79 
76) 
93) 
100) 
100 
26.800 | 286 000 7| 60) 
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TABLE 14.—( Continued.) 


(a) (2) (6) (7) 


Susquehanna (West! 
Branch) 


Juniata Newport, 
Broad Creek Millgreen, 
Gunpowder Falls..... Glencoe, Md 
Little Gunpowder Fal Bel Air, 
Patapsco Woodstock, 


Potomac Point Rocks, 


Potomac (North Branch)..|Piedmont, W. Va 
Antietam Creek Sharpsburg, Md 


Shenandoah (South Royal, 
Monocacy Frederick, Md. 


the annual value the flood risk. the first cost of. the 
works necessary provide for floods magnitude corresponding 


these values for Multiply this the going rate interest. 
The product the annual interest charge. Select the value for 
which the sum the annual value the flood risk and the annual 
interest charge minimum. 


CoMPARISON WITH OTHER ForMULAS. 


Table list some other formulas for obtaining the maxi- 
mum flood flow. These formulas are different forms, and contain 
many different terms. Some are intended only for use over limited 
section, and others are for more general use. order make any 
comparison, assume values for the variable terms. 
The are intended suit. average conditions the 
eastern portion the United States. Three the formulas were 
derived for such conditions, and the others were for European and 
Indian conditions. For the purpose comparison, data some 
the floods foreign streams given Table 
Plate XIII the formulas Table are plotted, together with three 
curves representing the formula proposed this paper. 
nation this diagram shows that formulas vary widely. This 
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1 
68 500 93 
16.4 279 30 
898 
SS 6 890 88 
82 
109 
101 
8 110 7 | 6) 67 
ip 8 240 8 34 
| 
25 200 7 | 125) 70 
14 800 15 | 59) 8 
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DIAGRAM. SHOWING 


PROPOSED FOR OBTAINING 
THE 


PLATE XML. 
FULLER ON i 
FLOOD FLOWS. 
BEEN 


FLOOD FLOWS 


ATLANTIC 


| 


FLoop FLows, 
1n.Cusic 
PER SECOND. 
24-Hour 
AVERAGE. 


i=) 


From larger 


Name of stream. Location of station. 


floods, 


Catchment area 
square miles, 
From average 
yearly flood 


Period of observation. 


(2) 


a 

~ 


— 


Cartersville, Va 
James (North Fork)... ...|Near Glasgow, Va 


Appomattox .|Mattoax, Va..... 
Roanoke Roanoke, Va... 


Boston, Va... 
.|Fayetteville, C... 

.|North Wilkesboro, N.C.. 

Yadkin... Salisbury, N. C 


Catawba ...|Morganton, 
Catawba Catawba, 

Broad (of the 

Saluda (Branch Mobile) 

Tugalloo (Branch Savannah) 


Tallulah Falls, Ga 
Carlton, Ga 


= 


«nite Greensboro, Ga 
: Milledgeville, Ga........ 
Dublin, Ga. 


Appalachee Buckhead, Ga 
Chattahoochee. Norcross, Ga... 
Chattahoochee Oakdale, Ga 
Chattahoochee .../West Point, Ga 


Soquee Demorest, 


Montezuma, 
|Albany, 


565 
400 
620 
800 
060 100 
600 
700 
700 
115 000 111 
998 116 
130 500 
500 
000 138 
Broad (of Georgia)........... 762 | 20428) 47 101 
|} 1 
Oconee 1100| 18540 8) 68 
Oconee 2840| 16 600 5| 35; 20 
‘ 
‘ 
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TABLE 15.—(Continued.) 


Centerville, Ala 


Columbus, Miss. 


Black Warrior. 
Black Warrior 


Jackson, Miss 


expected, the data which they are based are very different. 
the whole, may said that the formula proposed this -paper 
gives relatively higher values the flood flow for very small and 
very large catchment areas. Probably the reason for this that the 
formula was derived from average floods, and many, not all, the 
others were derived from maximum floods. There are numerous rec- 
ords for medium-sized streams, but not for very small very large 
ones. expected, under these conditions, that the highest 
relative maximum floods will found rivers medium size. 
There are comparatively few very large rivers Europe,.and their 
number America limited. Although there are many small 
streams, damage from flood them not usually great, and records 
their floods are comparatively few. More records small streams 
are probably available European than American rivers. 

Some largest floods foreign and American streams are 
plotted Plate XIII. The largest these are streams India 
and Saxony. The upper curve, representing the proposed formula, 


600 
| | | 
Coosawattee (Branch Mobile) |Carters, Ga.............. 581 | 12500 12 
75 000 38 
72 160 41 
Ala..............| 15400] 114028 | 146000] 12) 36) 51 
145 700 
138 000 44 
17 090 68 
16 094 72 
272; 5110; 11800 90) 58 
50 800 70 
40 510 69 
980 
46 800 89 
498 
Epes, 8830) 44887] 61000 8 81 
50 500 
187 000 
129 000 
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River 


Name of stream. 


Allegheny...... 
Allegheny...........++ 
Kiskiminetis 


Cheat........2. ae 


Youghiogheny.. 
Casselman........ 
Laurel Hill Creek. 


Tennessee ......... 


Mill (North 
Mill (South Fork)....... 


Nolichucky......... 
Holston (South Fork).... 
Holston .. 
Watau 
Little 


Little 


FLoop FLows, 
CuBIC FEET 


From larger 


Location station. 


Period observation. 


— 
a 
o 


(7)| (8) 


Red House, 
.|Kittanning, Pa. 
Avonmore, Pa.. 
Blacklick, Pa 
Morganton, W. Va 


..|Confluence, Pa. ;. 
..|Confluence, Pa... 
..|Confluence, Pa..... 
Ohio. 


Fayette, 
Alderson, 


~ 


Columbus. Ohio 
Asheville, N. C 


Knoxville, Tenn 


Chattanooga, Tenn 


Newport, Tenn. 


Greeneville, Tenn 
Bluff City, Tenn 


2 


Rogersville, Tenn.. 
..|Elizabetbton. Tenn. 
Judson, N. C 


McGhee, Tenn 
Bryson, N.C.. 


cao Or Oo 


Charleston, Tenn 
Ranger, N. Dass 


VALUES 
oF C. 


floods. 
From average 
yearly flood. 
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PER SECOND. 
AVERAGE, 
Wag | 
St > to 
(2) (3) (4) 
ony 25 200} 41000 64| 67 
8690 | 126 000 | 232 000 97| 88 
46 400 | 77700 188} 118 
19 540} 30400 54| 60 
25 900 59 
294 6 660 8 160 54) 71 
se 435 11 580} 24000 108} 90 
450 10 250 | 20800 77 
118 2 851 5 020 74| 67 
958 14911} 19 400 +61 
64 200 | 187 760 130} 115 
128 800 142 
78 155 | 110 527 61) 72 
107 740 70 
55 850 111 
700 115 
1 050 14515 | 21340 5 63) 56 
pes 987 16 400} 30720) 11 67| 6 
124 070 
881 040 74 
868 240 78 
868 240 82 
| 655 10 314 57 
87 400 53] 60 
bun 408 6 018 52} 49 
675 25 800 163) 142 
coves 662 22 500 113) 124 
125) 
1 
106 
106 4 842 5 | 160) 117 
| 
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(2) 


Columbia, 
Clarion, Pa 


Name of stream. 


Menominee. 
St. 
Kalamazoo... 


Muskegon 


Chittenango Cree 
Salmon..,...... 
Moose......... 


Oswegatchie 
Raquette, 


Saranac........ 


Winooski. 
Genesee... 


Genesee ......... besa 


Location of station. 


(2) 


..|Forestville, Mich 
..|Escanaba, Mich 
.|Iron Mountain, Mich. . 
.|Buchanan, Mich 

. Allegan, Mich 


Mich 
.|Sherman, Mich.. 


Alpena, Mich.. 
Bamfield, 1 


Chittenan 
.-|Pulaski, 
. |Felts Mills, x 


Moose River, Y..... 


Ogdensburg, N. Y.. 
Massena Springs, N.Y. 


.|Plattsburg, N. Y 


Rochester, 


Catchment area, 
Square miles, A, 


Fioop FLows, tv 
Cusic PER 
24-Hour 
AVERAGE. 


Average | Larger 


Period 
observation. 


VALUES OF 


From larger 
floods. 


602 
000 
84 200 94 
700 
Ohio Wheeling, W. Va............| 28800 | 284.000 | 480000 | 50 | 65) 98 
460 000 
430 000 67 
428 000 
ml os 
| Sh 
yearly flood 
(Ave.). 
» 142 2 270 2 340 4 30 43 
WP adie 2 420 11 180 15 100 9 22 
000 
eS 8 940 11.100 18 600 5 14.8 
470 
1 470 4700 10 260 6 13.7 
219 
Manistee ........... onvess 900 2 380 2 870 8 10.3 
: Au Bable 8 470 4 220 6 10.4 
CddeS, 2 290 3 734 7 11.4 
1 000 2310, 2780 7 9.2 
Geneca,...... ssn. 8 100 8 846 10 865 8 14 
cise 79 1 390 1 922 5 42 
18 270 9 44 
1170 8 540 8 30 
—_ 624 4120 6 16.6) 24 
885 12 225. 4 48 53 
37 
37 
: 87 
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Bay. 


FLoop FLows, 
CuBic FEET 
PER SECOND. 
24-Hour 
AVERAGE. 


Name of stream. Location of station. 


Period of 


square miles, 


Catchment area, in 
From larger 
From average 
yearly flood. 


= 
a 


(1) (2) (5) 


St. Mary (above Swift- 
current Creek) a Babb, formerly Main, 


St. Mary Near Cardston, Alta 
Swiftcurrent Creek..../Near Babb, Mont 


Ottertail (head Red)|Near Fergus Minn.. 
Red Fargo, N. Dak 


Grand Forks, Dak 


Red Lake 
Pembina. 


Werte 


with 1000, covers all except two these floods. 
There record any American flood large these, although 
the record the Siletz River, covering 3-year period, includes one 
great magnitude; the maximum rate not stated, but the 24-hour 
average rate relatively greater than that any flood recorded 
any other American stream. stated the Geological 
Survey that this stream typical those that section Oregon, 
and seems probable that floods there equal exceed those foreign 
rivers. also probable that other floods for which records are 
available have exceeded any those recorded. 

the lower diagram Plate are plotted the larger floods 
the rivers the eastern part the United States. The two curves 
100, 50, cover these great floods well. These con- 
sidered extraordinary floods streams which usually 
floods. These few floods represent the largest ones many 
during the last 100 years, that them may ‘those 
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5945) I 45 
2 248 57 
++} 1810 813 1 2.6 
3 086 2.9 


FLOOD FLOWS 


River Basin. 


FLoop FLows, IN . | VALUES oF 
Cusic PER Cc. 
SECOND. 
24 Hour 
AVERAGE, 


Name stream. Location station. 


Period 
observation. T. 


Average| Larger 
yearly. | flood. 


Catchment area, in 
square miles, A. 
From larger 


floods 
From average 


(2) 
Mississippi Above Sandy River, Minn. 
Mississippi Sauk Rapids, Minn 


Mississippi Anoka, Minn...,.......... 
Mississippi St. Paul, 


— 


Below Pine River Reser- 
MIND. 


o 


Minnesota......../Mankato, Minn............ 
Chippewa Falls, Wis. 


Chippewa...... 
Flambeau . 
sviile, Wie 
Merrill, Wis. . 
..|Stone City, Tow: 


Iowa City, 

...|Cedar Rapids, Iowa 
.|Keosau 

Peoria, 


“« 


which would normally very long periods, and others may 
floods rivers having coefficients greater than 100, which would 
normally occur shorter periods. When considered that the 
formula was obtained from data independent these floods, the agree- 
ment noticeably close, and serves valuable check the formu- 
las here proposed. 

Comparison with Flows Table given com- 
parison the proposed formula with that for obtaining 
designed should flow full capacity least once during such 
period. For the proposed formula, taken 65, which the 
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= 
= 
8 823 
8 299 
0 51 000 3 17 
17 100 81 45u 44 300 6 13 
36 600 
800 
452 1051 7.9 
1 520 
11.0 
900 
predseece 675 10 000 28 060 85 55 
00.080 esas 1310 6 395 8 690 17.3 | 20 
| 8190 19.7 
6 320 31 093 52 450 29.0 
Des Moines.... secoese] 14800 61 747 97 140 81 
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River 


Name stream. 


(1) 


Jefferson (continuation 
and Beaver- 

Missouri..... 

Missouri 

Madison....... 


West Gallatin (head 


Middle 
Ford Creek 
Smith Creek 


Milk.... 


Milk.. 
Yellowstone . 


-|Havre, Mont. 


Boulder (West 
Clark Fork ‘ 
Pryor Creek. 

Bighorn .... 
Bighorn .. 

Shoshone. 

Shoshone (South Fork) 
Clear Creek 

Little Muddy. 

Little Missou 
Knife....... be 
Heart. . 

Cannon Bal 

Rapid Creek. 

Belle Fourche. . 


Niobrara ,........ 


North Platte . 
North Platte, . 
North Platte... 
North Platte ... 


North Platte 


.|Bruffeys, Mont 
Mont 


Dak 


.|Mitchell, Nebr 


Location of station. 


Sappington, Mont 
Townsend, Mont 
Cascade, Mont 
Red Bluff, Mont 


Salesville, Mont 


Logan, Mont........... 


Bozeman, Mont. 
Augusta, Mont 
|Augusta, 


Malta, Mont 
Livingston, Mont 


Glendive, Mont 


Mont. 


Wyo. 
|Hardin, Mont... 


Williston, 

Medora, N. Dak... 
Broncho, N. Dak... 
Richardton, N. Dak 
Stevenson, Dak. 
Edgemont, S. Dak.. 


Valentine (fort 
ra). Nebr 

Pathfinder, Wyo 

Orin Junction, Wyo.. 

Guernsey, Wyo 


Catchment area, in 
square miles, 4. 


a 


FLoop FLows, 
1n Cusic FEET 
PER SECOND. 
24-HouR 
AVERAGE. 


observation. 
From iarger 


a. 
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VALUKFS 
OFC. 
2. 
os 
040 
000 
8 326 
700 
7310 
460 
6 
525 
| 86 400 3 
800 597 1 370 2 
2 | 
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TABLE 20.—(Continued.) 


North Platte Bridgeport, Nebr 23 200 | 13 258 
North Platte \North Platte, Nebr 285 17 640 


Platte Lexington, Nebr 53 800 | 19000 
Platte Columbus, Nebr 56 900 


~ Woods Landing, Wyo 435 
South Platte (South Fork)|South Platte, Colo 2 160 
South Platte (South Fork)|South Platte, Colo 2610 


South Platte (South Fork) |Denver, Colo 


= 


South Platte Hersey. Colo 

South Platte Orchard, Colo 

South Platte Julesburg, Colo 

Bear 


St. Vrains Creek........... Eyous, Colo. 
Boulder, Colo 


Marshall, Colo............. 
Loveland, Colo 


Fort Collins, Colo 
Columbus, Nebr 


North Loupe St. Paul, Nebr 
Elkhorn......... Norfolk, Nebr 

Arlington, Nebr.. 
Republican Bostwick, Nebr... 
Republican Superior, Nebr... . 
Republican 


= 


Lecompton, Kans., and | 
Lawrence, Kans 


average coefficient for eastern rivers. For the formula, values 
These values seem reasonable when considered that, during 
period years, unusually heavy rainfall would probably come 


on. frozen well-saturated ground, for which the percentage run- 
off would great as, greater than, would from 50% 
impervious area city. Table indicates that the flows for 
small catchment areas, obtained the proposed formula, are fairly 
consistent with sewer experience. 


. 
606 
(a) | 
197 
4.8 
511 
450 
1454 254 2.7 
9470 4150 2.8 
170 370 6.1 
982 
179 720 
Big Thompson Greek ...... 305 1120 
800 
and 000 
400 
Kans.........| 9490 | 27500 68770; I 18.1 
2720 | 27 327 44 960 ‘| 49 
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Lower River 


Cusic FEET PER 

ment AVERAGE. of 

area, in 
square 
miles, Average| Large 

yearly. | flood. 

| O(Ave.). 


Location of 


Name of stream. station. 


(2) (3) 


Arkansas ....|Salida, Colo 1 160 
Arkansas Canon City, Colo.. 060 


Colo....... 


Arkansas......... Nepesta, Colo..... 
Hutchinson, Kans. 


GULF 


FLoop FLows, In VALUES OF C. 
Cusic FEET PER 
Catch- 24-Hovr | Period 
ment VERAGE, of 
Average Larger yearly 
flood 


(1) (2) (3) (4) (5) (8) 


Name of stream. 


Waco, Tex........ 55 000 
Colorado Austin, Tex 483 000 
Del Norte, Colo... 4 850 


14.1 
9.5 


oss 


607 
(4) (6) (7) (8) 
2808 3900 9.9 
400 
120 
659 
Purgatory........|Trinidad, Colo..... 742 2573 4600 
950 
3 670 81 429 | “45 560 va 38 44 
| 89120 42 
| | | 
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River 


FLoop FLows, VALUES 
1n Cusic Feet oF C, 
PER SEoonD. 
24 Hour 
AVERAGE. 
Name stream. Location station. 


Period of 


Catchment area, 
square miles, A, 
observation. 

From larger 

From average 
yearly flood 


(1) (2) 


Green (head of Colorado).|Green River, Wyo 


Green.. Greenriver, Utah........ 


Yampa..... Craig, Colo. . 
White... .|Meeker, Colo, 
Duchesne.. Myton, Utah 


Lake Fork.... Myton, Utah.. 
inta ...|Whiterocks, Utah. nf 
Duchesne, Utah 


Whiterocks......... Whiterocks, Utah 
...|Kremmling, Colo 
Glenwood Springs, Colo. 


= 


Palisades, Colo. 

. Granby (Coulter), Colo.. 
.|Kremmliag, Colo. 
.|Gypsum, Colo,.. 
Uncompahgre. 
Dolores Dolores, Colo.......... 


Durango, 


o 


88 


MeDowell, Ariz... 


| 


grouping rivers according their values and investigating 
the rainfall conditions, storage, slopes, amount sandy area, etc., for 
these different groups, seems probable that much valuable informa- 
tion could obtained with the data now available. 

The writer feels the method rating and comparing rivers 
using the average yearly floods affords means obtaining valuable 
information many rivers, with comparatively small amount 
labor, and hopes that the future the maximum flood for each year 
will observed for many more rivers. also hoped that 
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1 
88200 | 42200| 62 1 
225 000 | 90750 | 149 7 
116 
1730 8 740 9 
475 2 250 
218 1 050 L 
672 2 850 
| 
114 676 
2380; 10750 21 
4520| 20500 24 
| 
8550) 66 725 19 
220 1 725 28 
200 1077 15.6 
700 5 200 27 
800 4700 22 
585 1 680 10.2 
524 2 035 13.5 
H 
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Great 


Name 


Parley’s Creek 

Emigration Creek...... 
City Creek....... 


San Pitch..... 
Humboldt gee 


Humboldt..... 
Humboldt (North Fork). 
Humboldt (South Fork). 


Humboldt. 
Humboldt 


station. 


(2) 


Dingle, Idaho 
Preston, Idaho 


Hyrum, Utah 
Oakley, Utah 
Devils Slide, Utah.. 
Plain 

Uinta, 


American Fork, Utah... 
Salt Lake City, Utah.... 


Salt Lake City, Utah.... 
Salt Lake City, Utah.... 
Salt Lake City, 
Salc Lake City, Utah.... 
Provo, Utah....... 


Springville, Utah........ 
Spanish Fork, Utah..... 
Marysvale, Utah 
Utah 
Leamington, Utah. 
Gunnison, Utah......... 
Golconda, Nev.......... 


Oreana, Nev 


Halleck, Nev... 
NOV 


Elko, Nev 
| Palisade, Nev 


Catchment area. in 
square miles, 


5 010 


FLoop FLows, 


in CuBic FEET 
PER SECOND. 


> 
= 


Period of 
observation. T 


VALUES 


oF 


From larger 
floods. 


~ 


oH 


— 


From average 
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24 Hour 
AVERAGE. 
(1) (3) (4) (5) 
Wook 286 670 9 7.3 
163 | 2730 6 55 
1090 4 300 4 16.0 
2 060 5 080 4 11.2 
1 600 4800 10 13.1 
American Fork......... 400 14.3 
Big Cottonwood........ 48.5) 460 ll — 21 
} 50.1 142 274 | 12 6. 6.3 
| 228 | 6. 
22 | 
19.2 82 164 11 8. 7.7 
132 &. 
640 2 130 4150} 18 | 11. 12.1 
3 620 12. 
8 310 12. 
2 600 12. 
Hobble Creek.......... 120 334 | 820 6 11. 7.2 
Spanish 670 860 1970 9 6. 4.6 
5 595 1 560 2 329 4 1, 1.5 
10 800 1 400 3160 15 0. 0.8 
3 100 1. 
080 
........-| 18800 1 260 3 047 14 0. 0.6 
1150 1 120 1478 | 18 2) 4.0 
1400 3, 
1 385 8, 
1 834 2 620 4/1 2.0 
i 
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TABLE 


Truckee 


Truckee 


oo 


Truckee Vista, Nev 


Walker (West Fork) .|Coleville, Cal 
Walker Yerington, Nev 
Truckee, Cal 


a2 ow 


Hobart Mills, Cal 

Starr, Cal 
Independence Creek../Independénce Lake, Cal.. 
Carson (East Fork )../Gardnerville. Nev 


Carson Empire, Nev 
Carson (West Fork)../Woodward, Cal 


Carson (East Fork)..|Rodenbohs, Nev 
Susanville, Cal 
Silvies .. .|Burns, Ore 
Chewaucan.. Ore.. 
Ogden, Utah 


2 


records both the 24-hour average rate and the maximum rate 
flow will made for our larger floods, and that for all records 
floods will clearly stated which rate this study 
was difficult, many cases, distinguish between the two. 

Acknowledgments.—As far the writer knows, the first suggestion 
the use the element time formula for flood flows was made 
Allen Hazen, Am. Soc. E., memorandum written him 
1910. This memorandum contained study maximum floods 
some eastern rivers, and suggested formula nature similar 
the one proposed paper. Mr. Hazen has followed closely the 
progress the study which here presented, and him the writer 
indebted for many valuable suggestions. 

The late Richard Hazen, Jun. Am. E., was associated with 
the writer the earlier and essential portions this study, and 
was the intention that should write the paper jointly with the 
writer. this now impossible, the writer can but acknowledge 
his indebtedness and pay tribute the great amount able work 
done Mr. Richard Hazen the preparation this paper. 

The writer also wishes acknowledge his indebtedness 
who have furnished data for the paper. Free use has made 
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Coast. 


F.Loop FLows, 
Cusic Feet 
PER SECOND. 
24-HouR 
AVERAGE. 


Name of stream. Location of station. 


Catchment area. in 
square miles, A. 
Period of 

observation. 


From larger 
floods. 

From average 

yearly flood. 


(1) 


Cottonwood Jamul, Cal 
San Diego San Diego (flume near 
Lakeside), Cal 
Malibu Creek Calabasas, Cal 
Cal 
Mojave i 


Sacramento Jellys Ferry (near Red 
Bluff), Cal 


Feather (North Fork). | Below Prattville, Cal 
Feather Oroville, Cal 
.. |Butte Valley, Cal 

. |Crescent Mills, Cal 
Smartville, Cal 

At Vantrent 

Cal 

American ..|Fairoaks, Cal..... 
Cache Creek ... Lower Lake, Cal.... 


Cache Creek 
Putah Creek...... .. |Wiaters, Cal 
i Herndon, Cal 


Portersville, Cal........... 
. |Threerivers, Cal 
Sanger, Cal 


Above Merced Falls, Cal.. 
Grange, Cal 


Stanislaus Oakdale, Cal 
Stanislaus...... Ferry, Cal.... 


many papers and reports. great value, owing their 
completeness and reliability, have been furnished John Cook, 
Am. E., for the Passaic River; Richard Hale, Am. 
Soc. E., for the Merrimac River; and James Tighe, Am. 
Soc. E., for the Fomer River. 
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| | VALUES 
oF C. 
196 000 
184 600 
608 | 20000; 41000) 6 149 | 118 
Stony Creek.......,..+.|Fruto, 601 16 200 | 29300; 9 | 100 98 
26 500 111 
680 18.2 
780 
851 102 
600 
1500 18900} 52000/ 15 | 76 54 
400 
800 
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Form 


Name of stream. 


Rogue 
Umpqua (South 


Clark Fork 
Missoula. 
Bitterroot .. 


Yakima ........ 
Yakima 


Kachess Lake, on Kachess 
Clealum Lake 


Snake (South Fork) 
Snake (South Fork ) 
Snake (South Fork) 
Snake (South Fork). 
(North Fork) 


Teton ........ 
Biackfoot 


Weiser... 


Grande Ronde.... 
Grande Ronde.... 


Pactric Coast. 


Location of station. 


Cascade Lo 
Dalles, Ore. . 


Newport, Wash. ..... 


..|Missoula, Mont,. 
..|Grantsdale, Mont. 
..|Missoula, Mont... 
.|Spokane, Wash 


Malott, Wash. .......... 


.|Pateros, Wash........ oe 


Chelan, Wash. 
Cashmere, Wash....... 
Martin, Wash. ......... 
Cle Elum, Wash 


Union Gap (near Yaki- 


Easton, Wash. ......... 
Roslyn, Wash. ......... 
Nile, Wash. 

North Yakima, Wash. . 
Moran, Wyo 

Lyon, Idaho 

Near Miuidoka, Idaho.. 
At Minidoka, Idaho.... 
Ora, Idaho 

Fremont, Idaho...... 
|Near St. Anthony, Idaho 
Presto, Idaho . 
Highland, Idaho... 
Boise, 


Vale, Ore 


| Horse Shoe Bend, Idaho 
Weiser. Idaho 


.|Hilgard, Ore 


Elgin, Ore. . 
Joseph, Ore. é3 


Ore. 


cks and The 


Catchment area, in 
square miles, A 


F.Loop F.Lows, 
CuBtc 
PER SECOND. 


Average 


24-Hour 
AVERAGE. 


Larger 
flood. 


Period of 
observation. T. 


o 


From average 
yearly flood 


612 
VALUES 
oF C, 
(2) (3) (4) (5) (7) (8) 
000 
000 
908 000 
20 544 85 800 | 7 | 20.0) 19 
875 
500 
024 
950 8 540 9 800 2 | 35 
430 
000 
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TABLE 26.—(Continued.) 


(1) (2) (3) (4) (5) (6)) (7) | (8) 
ve © 
1 200 9 200 23900; 51 2 
John Day........- McDonald, Ore. ........ 7 800 13 070 22800} 5 11.1) 10 
Deschutes Allen Ranch (near 
Deschutes...... At West’s Ranch (near 
Lava), ae 1 240 2500 4000; 4/ 9.2) 8.5 
Biggs, Ore.. 9180 | 18050 80600 | 4 14.8) 12 
182 000 122 
179 000 126 
168 000 130 
Willamette (Coast Fork)..|\Goshen, Ore...... abcde 690 | 20500 81300; 4 be 109 
McKenzie....... cay 960 | 27 47 87900) 4 |106 [118 
bile de ewes Sheridan, Ore, ......... 290 15 475 18100; 4 |138 (165 
Ravensdale, Wash...... 170 4 612 | = 10 vi 
4 


From the report Emil Kuichling, Am. Soe. E., the 
Water Supply for the New York State Barge Canal, many data, for 
both American and foreign streams, have been taken, well 
summary the formulas previously proposed. 


| 
| | 
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TABLE 27.—MISCELLANEOUS FLOODS, ARRANGED 
(Max.) 


(1) 


ry Run, Ohio......... eee 

Westheld. Mass 
Burgoons Run, P: 
Lake Roland, Md.. 

town flood 
Sawkill, N. Y., 45 miles above mouth 
Chemung, at Elmira, N. Y 
Neshaminy, below Forks, Pa...... 
Little Tennessee, at Judson, Tenn........... 
Six Mile Creek, at Ithaca, N. Y 
Potomac, at Great ss 11 
East Branch, Delaware........ 
Tohickon, at Pt. Pleasant, Pa 
Tennessee, at Chattanooga, Tenn 
Savannah, at Augusta, Ga 
Perkiomen, at Frederick, 

ane Creek, Pa 

Croton, at Croton Dam, N. ¥ 

Catskill, at Woodstock, N. Y 


asl 


Millbrook, 

Monongahela, Pa 

Nine Mile Ck., at Stittville, N. Y. 

Raritan, Bound Brook, 

Stony Creek, Johnstown, Pa.. 
Youghiogheny, Pa 

Flat River, R.I..... 

Trout Brook, Brooksport, 

Kennebec, Me 

Schoharie, N. Y 

Tuckaseegee, Bryson, N.C.... 

Mad Brook, 

Susquehanna, Danville, Pa.. 

Fomer, above reservoir, Mass. . 

Buffalo Creek, N. Y 

od 
Rhine, at Macon. Ga............ 


wo 


TABLE 28. 


Catchment 
area, in 


(3) 


30) 
440 


| | | { 
(7) 
5.3 
110.0 | 358 
125.0 388 
5.28] 2h 
18.7 288 
22.4 275 
17.2 | 2% 
446 257 
52 252 
184 245 
21.4 | 248 
1750 240 
238 240 
40.5 | 282 
2910 228 
1230 221 
56 217 
7.10) 216 
105.0 | 212 
72 208 
Susquehanna, at Harrisburg, Pa.............|24 8200 200 
82.7 | 1% 
96.4 | 191 
6.10) 191 
' 6 1170 190 
184 
27.5 | 180 
180 
42.8 | 179 
127 179 
206 
26.5 | 176 
3500 
18.1 171 
13.2 | 171 
4 802 168 
236 167 
163 
8.62) 161 
1720 159 
7.8 | 159 
125 152 
19 2650 151 
0.1 104 
1.0 398 
10.0 680 


The following formulas are taken from the Report the Barge Canal, State New York, 1901. 
Part the Report Water Supply Emil Kuichling, pp. 844 851. 


Author formula. Formula. 
(2) (4) 


Fanning Adapted rivers New England, etc. catchment area, square miles. 

Dickens Adapted rivers Central Provinces, India. This also given with 
the following coefficients: 200, 825, 1 200, and 2200; each one is applicable to 
a different part of India; 500 is here taken as a representative value. 


Ganguillet. Adapted to Swiss streams, 


Italian Q=- 1819 A Adapted to streams in Northern Italy. 
0.311 
2600 
0.311 


Italian Adapted small brooks Northern Italy. 


coefficient for the drainage basin, assumed as 1.16; 
extreme length drainage basin; 

= average width of drainage basin. 

Lis taken being equal the formula reduces 


Assume for C, = 70 
R, = 3 in. of rain per hour. 
S, = 4(slope per 1 000) 
Formula reduces 296 Ai. 


Dredge 


B 


. 
R 
> 
il 
— 
ll 
welts 
® 


TABLE 29.—(Continued.) 


Author of formula. Formula. 
(2) 


length 
for C, = 1010 (Kuichling), 
R, _6 in. rain in 24 hours, 


A, 2 Hilly part of water-shed, 


A,= Level part water-shed, 
= __0,R,m A (S,)4 _ Reduced by Kuichling. for conditions on Mohawk River, to 


615 
[ 0.58] 


Kuichling (1) for flood exceeded occasionally. 


7.4) (2) for flood exceeded rarely. 


Murp Formula taken from Geological Survey, Water Supply and Irrigation 
others. Paper No. 147. 


616 
s 
| 
" | 
Q 
. | 
| 
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(Data from Report Barge Canal, State New York, Part 14, 
Emil Kuichling.) 


Flood. 


Germany....... 

Towbrapoorny, India.......... 

Dept. France......... 

Zacken, Germany 

Kemlitz and Dittelsdorfwasser, Germany.... 

ittgendorfbach, Germany.. 

Kemlitz, 

Dittelsdorfwasser, Germany. 

Landwasser, 
essin, Bellinzona, Italy.......... 

Wittgendorfbacb, Germany. 

Bruna, Italy 

Landwasser, 

Queis, German 

Allaciente, 

202.4 

Mandau, Germany........... 

Rhine, Germany 

Brook near Dublin, Ireland. 

Woodhead Reservoir, England.... 

Mandau, Germany 

Ostrawitza, 

Loire, 

Schopsbach, Germany 

Elz, Germany....... 

Torside and Rhodeswood Reservoir, England 

Serein, France 

Olsa, 

Cure, France......... ede 

Lausitzer, Germany..... 

Neckar, Germany 

Ombrone, Italy 

Medlock, England. 


o 


617 
River. Area. 3g K 
(1) (2) (4) (5) (6) (7) 
5 | 1180 
1 070 
890 
827 
635 
680 
| 620 
| 650 
540 
| 515 
495 
| 490 
460 
444 
2 485 
25 415 
0 875 
0 370 
0 350 
90| 340 
0 880 
0 3805 
20; 290 
0 285 
1 268 
260 
260 
235 
254 
250 
7.0 250 
240 
2.65 235 
224 
7 214 
208 
208 
200 
198 
2 179 
172 
2.8 170 
7.0 165 
3.0 165 
4 163 
+ 159 
2 159 
0 158 
4 5 157 
1 0 154 
156 


Mr. 
Morgan. 


DISCUSSION FLOOD FLOWS 


DISCUSSION 


paper suggests several very profitable fields inquiry, and sure 
stimulate further investigations that will definite value. 

One the fundamental assumptions that weather conditions 
throughout the United States are not subject “permanent changes.” 
also assumed that climatic conditions which will produce maxi- 
mum storms not occur over the country whole during any given 
year, but that storm conditions are more less local. examina- 
tion the monthly and yearly precipitations rainfall-recording sta- 
tions parts the United States seems indicate the general 
accuracy this assumption for the last 100 years. However, certain 
notable facts stand out which lead one question its for the 
interior part the United 

For instance, 1844, the largest flood ever ‘in 
the Red River, through Texas and Arkansas, this river having drain- 
age area about 50000 sq. miles. During the same year the greatest 
flood record occurred the Kaw River, Kansas City, where the 
drainage area 000 sq. miles, and the same year produced the great- 
est flood century and quarter the River, St. 
Louis, and the greatest floods record the Missouri and 
Rivers, The areas over which the floods 1844 were the 
record, are comparable the total area France and Germany. 
Again, 1903, the greatest flood since 1844 occurred the Kaw River, 
Kansas City, the Mississippi River, St. Louis, and numerous 
other streams throughout the Central States. far north central 
the heaviest rainfall ever recorded occurred the 
time. Also, 1903, floods, among the greatest record for those 
streams, occurred the Verde River, Arizona, the Colorado River, 
the Raritan and the Delaware, New Jersey, Cape Fear River, 
North Carolina, the Alabama River, Alabama, the Monongahela 
River, and various other streams, from South Carolina Oregon. 
Although there definite evidence that periods maximum floods 
will occur over the entire country the same time long intervals, 
appears that little known about the facts the case that this 
assumption far from being proven for long periods under condi- 
tions existing the central part the United States. 
that certain seasons long intervals are subject unusual storm 
disturbances resulting floods, though the average yearly even 
monthly rainfall may not above the normal for the country 
whole. 

Mr. Fuller assumes that the relation between the average annual 
flood and the maximum possible flood the same for largely different 
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sections the the same for the United States for 
Europe. draws attention the fact that the arid regions the 
United States rainfall and floods are very erratic, and that, though 
several years may pass without flood, very large floods may occur. 

Although the data are very meager, the writer believes that the 
conditions which cause this are not limited the 
arid regions, but extend greater less degree over the entire 
United States between the Appalachian and Rocky Mountains, which 
the region which particularly acquainted with flood flows. 

For instance, careful calculations flow the Miami River, 
Dayton, Ohio, have recently been made. gauging station has been 
maintained good order this point for years. The average 
annual flood for this period approximately 32000 cu. ft. per sec. 
from area about 2500 sq. miles. According the formula pro- 
posed Mr. Fuller, the maximum flood century should about 
2.9 times the average annual flood, about 85000 cu. ft. per sec. 
fairly dependable approximations, this flood flow has 
been largely exceeded four times the last 107 years. According 
Mr. Fuller’s formula, the maximum possible flood 1000 years would 
about 3.9 times the average annual flood, whereas, according 
very careful calculations flow, appears that the flood March, 
1918, was about times the average annual flood. may that 
conditions show greater range variation west the 
Appalachian Mountains than east that range, Europe, from 
which most the long-time records referred Mr. Fuller were 
secured. 

Another assumption Mr. Fuller that the same ratio between 
average annual floods and maximum possible floods exists for streams, 
regardless the size drainage area. The writer believes that 
general experience will fail uphold this assumption. known 
that small drainage areas are subject very extreme precipitations, 
and that the most extreme these precipitations are always local. 

For instance, there the case the flood Devil’s Creek, Iowa, 
which occurred 1905. Rough estimates this flow made the 
Geological Survey* indicate that, from area 143 sq. miles, 
the run-off 1300 sec-ft. per sq. mile. From rainfall 
ords the surrounding stations appears that from in. fell 
the water-shed, the greater part hours. 

Although little dependence placed such estimates run- 
off are recorded for this flood; the rain which sufficient 
produce average 24-hour run-off probably not less than 200 sec-ft. 
per sq. mile, in. from the entire water-shed. This region 
where the average annual rainfall about in. where the annual 
averagé maximum rainfall hours will not exceed about in., 
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the heavier storms coming during the summer when run-off from 
small rainfalls light. safe assume that during the flood 
1905 the maximum 24-hour run-off for this territory was not less 
than times the average annual flood. This extreme case given 
simply illustrate the fact that the range flood run-off far 
greater for small than for large areas. 

Similarly, during the flood March, 1913, the Miami Valley, 
certain tributaries with drainage areas 100 sq. miles indicate 
maximum run-off least 400 sec-ft. per sq. mile, which probably 
least ten times the average annual flood. large water-sheds 
sq. miles more, excessive rainfall one part the water- 
shed usually balanced lack rainfall another part, and the 
ratio between the average annual flood and the maximum possible 
flood must less than for small areas. 

When alluvial streams overflow, sand and silt are deposited along 
the banks within ft. the surface the overflow. Along 
the lower Mississippi and the Red Rivers, Texas and Arkansas, 
and the Arkansas River, Arkansas, there evidence such silt 
and sand being deposited elevations very much above those recent 
floods. The conclusion that during recent centuries there have not 
been floods which the stage water was very much above that 
recent ones. The only points which such comparisons can made 
safely are along the abandoned loops and cut-offs the rivers, where 
the banks have not caved in. the contrary, small streams evi- 
dence very different conditions found. fairly common ex- 
perience, along streams with water-sheds from 500 sq. miles, 
especially the northern and mid-western States, find deposits 
gravel very evidently placed flood-water elevations very much 
above the elevation any recorded flood. 

The inference that all the interior part the United States 
subject very rare local floods very great intensity, comparable, 
perhaps, the one already referred Devil’s Creek, and that the 
run-off such maximum possible floods may ten times great 
the average annual flood, instead three four times great, 
indicated Mr. Fuller’s formula. The suggestion that, deter- 
mining the relation between average annual floods and the maximum 
possible flood, the extent the drainage area important factor. 

The data not indicate the extent which flood records have 
been examined, the preparation the paper, but the flood flows 
foreign streams outlined Table 30- would not, seems, furnish 
reasonable basis for the acceptance such formula suggested. 
For instance, the floods for which the date given, more than one- 


third 1887 and more than one-half them period 
years. 


DISCUSSION FLOOD FLOWS 621 


This paper valuable that suggests pointedly that there 
definite relation between the average annual flood any stream 
and the maximum possible flood for that stream, and suggesting 
that, certain extent, short-time records for many streams will 
serve the same purpose long-time records for single stream. 

When one considers the number assumptions which must 
made the use the formula for determining the maximum possible 
flood, would seem that some cases might better estimate the 
maximum possible flood what might called the rational method, 
that is, determining from the basis experience and the maximum 
rainfall expected, the relation rainfall run-off under the 
conditions which would exist assumed case, considering the ele- 
ments topography, shape the drainage basin, direction storms, 
season the year, etc. 

There just one other point that should mentioned. Mr. Fuller 
states very clearly that there are two kinds variables met 
flood flow: one class varies with different rivers, and includes topog- 
raphy, soil conditions, the other class variables, including possi- 
bilities rainfall, weather, temperature, may alike for many 
streams, but vary time. statement has been made the 
author, which does not appear the paper; this indicates the writer 
the value his work, but also possibly, the danger feeling too secure 
improper placing the burden those two elements. For in- 
stance, use his formula, must assume value for that 
is, value representing the variable conditions with regard water- 
sheds, ete. made fit the case, the formula can made 
fit any particular river flood, but unless know how that factor, 
was determined, not know whether the formula fits any par- 
ticular case accidentally, whether has been determined properly. 
Mr. Fuller has mentioned one particular river which assumed 
the coefficient, 100, that the Miami above Dayton, Ohio. 
The difference elevation there between the top the water-shed 
and the river valley seldom more than 200 ft., compared with 
mountain streams where the variation may 1000 ft.; and the soil 
formation variable, being gravelly some cases. the time 
examining this paper, the writer discussed with other engineers 
his office and came the conclusion that one could not assume 
for that valley any higher factor for The point is, that 
plotting various storms, unless the engineer 
familiar with the variable factor, one water-shed, com- 
pared with the value that factor other water-sheds, does not 
know the extent which the intensity flood flow determined 
the variable, which constant for that water-shed, and what 
extent determined the time variable, including rainfall, season, 
temperature, 
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Oklahoma Engineering Society, December 27th, 1911, the writer said: 


“Some are perhaps not aware that 30-year record 
high water, minimum maximum flow, rainfall, may often 
comparatively little value. seems fairly well established 
rule that takes fully years complete engineering meteoro- 
This was illustrated, for example, Topeka, Kans. 
When the Melan Bridge was built over the Kansas River 1897, 
the City Engineer’s records for years showed maximum rise 
ft. from W., and the oldest inhabitant, who claimed 
that had seen the river clear out its banks and flood the entire 
valley prior 1850, was deemed his dotage and untrustworthy. 
1903, however, the recorded variation ft. between low and high 
water was changed ft.; asphalt pavements were ft. under water; 
the oldest inhabitant was vindicated, and the river proved what every 
one should have known—that the high-water mark, alluvial 
valley which has been built sediment dropped the floods, 
necessarily higher than the ground surface the valley—regardless 
the records the City office.” 


While these remarks bear out, general way, the author’s con- 
clusions, the writer acknowledges that his 50-year 

Tables and give, glance, idea what may reasonably 
expected, and, from this time forward, the Profession will able 
act more intelligently the design waterways and storage reser- 
voirs. The writer has been collecting data regard maximum 
rainfall for years, and the two subjects together are interesting 
study. 

There are plenty bridges and spillways which may stand under 
1.80 times the annual flood, but out when the annual 
flood comes. 

The writer, having kept record intensity rainfall the 
United States for the past forty years, offers table and 
(Fig. the same, and begs the author’s pardon for injecting 
“Rainfall” into “Flood Flows,” applying his table backward 
for constructing three the curves the diagram. 


TABLE 


By AvuTHor’s TABLE 2. 


Rainfall 
intensity ratios. 


Flood ratios. 


Years. 
1.00, 
1.80 0.76 
0.66 
1 1.00 0.42 
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The maximum rates rainfall from which the 50-year curve 
constructed several years ago (without any attempt evolve equa- 
tion for it), are follows: min., 16.90 in. per hour; hours, 5.33 in. 
per hour; hours, 2.70 per hour. 


MAXIMUM RATES RAINFALL 
INTENSITY CURVES 
Intensities 10, and 

curves are 0.66, and 0.42 
times those on 0-year curve - 


° 

a 
a 


Fig. 7. 


note how closely the resulting 1-year 
two downpours which have been York 
tober 16th, 1913, and Galveston, for October 22d, 1913, which are desig- 

The author has given valuable which. has propounded 
every hydraulic engineer the. question: “For how many years will 
your works stand 
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Inches Inches Inches Inches 

Hr. Min per per Hr. Min Hr. Min. per 
hour. hour. hour. our. 

8.40 5.21 1 00 2.95 4 05 2.00 

8.10 5.76 1 02 2.48 4 30 1.01 

6.45 6.00 1 20 8.95 6 30 0.71 

8.40 8.66 1 25 3.80 7 00 0.78 

6.12 5.20 1 40 8.26 10 00 0.75 

4.56 6.78 1 40 8.87 10 00 0.70 

8.40 8.20 1 43 2.18 10 20 0.73 

9.60 5.21 1 52 2.54 11 00 2.10 

6.24 38.78 1 59 8.10 11 00 2.70 

7.50 4.84 2 00 2.87 12 00 0.77 

5.64 5.44 2 00 8.30 13 40 0.81 

5.10 8.25 2 00 5.00 16 00 0.36 

6.18 5.438 2 03 8.06 18 00 0.82 

abteodas 14 16.90* 4.75 2 20 2.58 19 50 1.10 
palcbeas 15 5.16 2.58 2 80 1.68 24 00 0.57 
15 6.28 5.54 2 80 1.94 24 00 0.18 
tshabnne 15 4.24 4.44 3 00 1.50 24 00 0.15 
pmbncnes 15 9.00 3.68 8 00 2.72 24 00 0.19 
avpesges 15 9.20 4.50 8 00 1.36 24 00 0.24 
ocpow sete 19 5.05 5.04 3 00 5.38 24 00 0.23 
sshenben 20 5.25 2.30 3 00 4.33 24 00 0.26 
vobvedue 20 5.76 2.40 3 00 2.00 24 00 0.48 
csbeadte 20 6.78 2.96 8 00 8.33 24 00 0.40 


* Galveston, 1871. 


deduced record the Red River the North, Grand Forks, 
Dak., furnishes interesting illustration the principles con- 
cerning flood flows enunciated clearly Mr. Fuller, and also shows 
the modifications whith may result from local conditions. 

For years the Geological Survey has maintained records 
this stream; addition these, the writer obtained copies 
accurate gauge-height record which had been maintained for years 
previous, and few discharge measurements made those early 
years. From these data, was able develop fairly good, complete 
record the discharge for the long period years, 1882 1912. 
Only nine the paper cover long 

For comparison, the records the two principal tributary inflow- 
ing streams, the Red River, Fargo, Dak., and the Red Lake 
River, Crookston, Minn. (which have been observed for and 
years, respectively), may considered the same time. The com- 
plete records date for these stations are shown Table 33, and 
might ‘Table 18. 

The largest floods did not occur the same years these stations, 
notwithstanding the fact that the latter two are tributary the first; 
therefore, all three records may considered. 

each ease, the largest flood was less than that which would 
given the logarithmic formula, the basis the floods. 


i ri ] 
— 
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seems that this might reasonably have been expected from the 


topographic characteristics the Red River Valley, the river and 


all its main tributaries flowing through remarkably 
usually channels only few hundred feet wide and from ft. 
below the prairie level. each side the prairie almost smooth 
floor, and the rise away from the river bank only few feet 
per mile. The capacity the channel sufficient carry ordinary 
floods, but the largest floods, which only once twice dec- 
ade, overflow the prairie shallow sheets; thus the regimen the 
stream changed essentially during the extremes such floods, the 
rate flow much retarded, the time high stage increased, and the 
extreme maximum correspondingly diminished. 


TABLE 33.—VALUES FOR COEFFICIENT, 


Larger 
Stream. Station. flood 


5.8 
6.5 
6.7 
6.8 
7.0 
8.1 
8.5 
8.3 
9.8 
9.8 


Another peculiarity which appears the tables for this region, 
and perhaps might have been predicted from the and 
conditions, the smaller value obtained for Col- 
umn (from the flood average all years) than Column (from 
the largest floods). Red River Valley near the “semi-arid” 
and the river separates prairie State from one largely forested. 
one margin the drainage area, the mean annual rainfall about 
in., other margin in.; the long-period mean annual run- 
off about in. one side and in. the other. Therefore, 
where evaporation consumes almost the whole the precipi- 
tation, and the run-off small remainder, after any season 
deficient rainfall, the run-off becomes much less even than the normal, 
and then remains comparatively steady until the ground 
replenished surplus rainfall, and such times little affected 


VaLvEs oF C. 
Period, 
— 
(1) (3) (4) (6) (7) (8) 
500 
400 
920 
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ordinary rainstorms. Thus, though the greatest recorded flow 
ten twelve times the long-period mean run- 
off, there are many years when there noticeable flood, and three 
four years out every ten largest flood the year 
less than three times the mean discharge. result, (Ave.), the 
average the annual floods, smaller coefficient than that 
obtained from the larger floods individually. 

probably the same cause, namely, the small maximum dis- 
charge some years, which gives rise different factor 
(in formula deduced only from the streams this region) than that 
deduced Mr. Fuller from the average streams scattered through 
the whole country. Instead the factor, 0.80 log. the formula, 
stations would give 0.95 log. log. and 0.90 log. this 
region, mentioned previously, the greatest floods not seem 
great comparison with those secondary magnitude 
normal other regions; if, therefore, omit few the largest from 
consideration, the following floods would give factors from 
1.30 

Mr. Fuller states that the rivers the Hudson Bay drainage varied 
widely among themselves that logarithmic plottings them 
were published. The Red River Valley portion the basin, however, 
including these three records and numerous other shorter less accu- 
rate records, shows fair uniformity. Mr. Fuller explains, some 
cases local conditions may expected modify the application 
the formula change some extent, and such seems the 
here. importance this case would not great enough 
justify this addition the discussion, were not for the length. 
the record—31 years. see illustrated how useless erroneous 
would attempt deduce figures concerning the flow un- 
known stream where actual measurements had been made the 
but, the other hand, using the records basis for small 
modifications, the principles enunciated Mr. Fuller seem, 
general, apply this region also, and furnish excellent start- 
ing points for more detailed studies. 


Hazen, Am. Soc. (by letter).—This most im- 
portant paper, because, far the writer knows, the first at- 
tempt apply the principles probabilities the flood problem. 

The writer has followed the author’s work detail, 
that his methods are sound. time. goes on, data covering longer 
periods and more streams may change some the numerical values; 
but the underlying idea treating the recurrence mat- 


many streams, will stand, 
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When the writer first took the study this problem, several 
years ago, believed that would safer use basis the records 
flood flows had been obtained from records the height. water 
over the crests substantial dams above the influence back-water, 
and where there could question the the results. 
the basis limited quantity selected data, tentative values 
were reached. The author afterward extended the investigation 
include short-term records many more streams; but the numerical 
values resulting from. this broader study were fully with 
those first obtained the writer from the selected 
data. 

Taking account the many elements error which exist 
can imagined stream gaugings, and especially the fact 
that estimates for extreme floods many most cases are based 
extrapolations from rating curves, often some distance above 
the highest stage for which gaugings have actually been made, the 
writer would feel disposed, case they differed, attach quite 
much importance the results obtained from his first study. the 
more extended studies presented the author are entirely accord 
with the writer’s earlier ones, this question does not require discussion, 
and the writer feels confidence the general accuracy the results. 

another paper.to presented the Society, the writer has 
described graphical method representing data the same general 
character those used the author, based the probability curve, 
or, otherwise called, the normal law error. new kind 
cross-section paper made, which the spacing the linés 
one direction computed from tables the probability curve, that 
figures representing the summation that curve plotted fall 
straight line. 

From study the author’s data, clear that the relation be- 
tween flood the normal law error such that proba- 
bility paper could have been used for his study, had been available. 
Its use might have facilitated some the work, but there reason 
think that would have changed significant extent any his 
conclusions. fact, the paper the author has used for his study 
corresponds closely with that part the probability paper which 
most his data would fall, that the would not been 
important the graphical method. 

The figures flood flows the same stream through 
series years clearly bear relation the normal law error, 
but they not follow exactly. When plotted probability paper 
they called skew The variations downward are 
more numerous the variations are smaller mag- 
nitude. 
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interesting note that the logarithms the numbers 
representing the several floods are used instead the numbers them- 
selves, the agreement with the normal law error closer. other 
words, the variations and down from the mean follow geometric 
rather than arithmetical ratio. 

the the floods number streams were available 
for very long terms, would possible find “standard variation” 
and variation” from the records each stream, which 
would index the degree variability expected its 
floods, and indirectly the size the floods anticipated. There 
reason suppose that the coefficients variation flood flows 
for different streams would the same. short-term data 
are not sufficient determine the coefficient variation with the 
requisite degree accuracy make this comparison; and the as- 
sumption tacitly made Mr. Fuller, that the coefficient variation 
all the streams one geographical group will the same, may 
found nearly accordance with the facts. any rate, the 
data now available are not sufficient justify further classification. 

The constants found the proposed flood-flow formula deduced for 
rivers different parts the United States throw some light 
this point. the coefficients variation flood flows different 
parts the country differed considerably, there would differences 
these constants. The smallness the differences found the 
author indicates surprising degree uniformity flood conditions 
for large part the country, and this uniformity districts may 
taken indication the probable absence wide variations 
among different streams the same district. 

attempt secure actual coefficients from the data hand, and 
compare with one another streams having records longer than 
are now available, like attempting find the probability 
house burning down from the records single houses. 

the practical application the author’s formula, the value 
the coefficient multiplied produce the average annual 
flood, matter the first importance. only limited number 
cases will possible base such estimates actual gaugings 
the stream for which estimate made. majority 
cases, will necessary depend the records other streams 
more less similarly situated. 

Fig. outline map the United States, the coefficients for 
the streams, for which Mr. Fuller presents data, have 
This map serves conveniently show what data are available 
this time. seen that there are large parts the United States 
which are not covered all, and others which are covered 
adequately. forming judgment the probable value the 
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coefficient used for other areas, will naturally borne 
that the coefficient with the rainfall, with the 


especially with the steepness the catchment area, and with the 
absence natural storage conditions. With these matters mind, 
expected, sufficiently close useful, even from the existing 
limited data. With continuation the present gaugings the 
Geological Survey and other parties, the available data will 
enormously increased the next decade. 

One the most important matters developed the paper that 
there such thing maximum flood. There annual flood 
which must expected every year. There 10-year flood 
which much greater. There 100-year flood much greater than 
the 10-year flood; and, although records are hand demonstrate 
adequately, there every reason believe that there 
year flood, which will prove very much greater than the 100-year 
flood. 

Perhaps the best practical idea the significance these figures 
may obtained considering them from the standpoint insurance; 
that say, there one chance ten that the 10-year flood will 
oceur any one year; one chance one hundred that the 100-year 


flood will occur; and one chance 1000 that the flood will 


However great the flood which may have been experienced, may 
taken assured fact that only question time when 
larger one will occur. long-continued flood records, the second 
largest flood found be, average, about 80% the greatest 
one. follows that when the flood record any stream exceeded, 
the probabilities are that the new record will exceed one 
per cent, 


The author’s formula relates the volume flood expected, 


feet per second. Many important flood records are not avail- 
able these terms. known how high the water went, but 
not known with any degree certainty how many cubic feet per 
second went down the stream. Gauge-height data are not applicable 
directly study connection with the author’s formula, 
theless, they may used basis for estimating the probable height 
future floods, long the conditions channel remain un- 


changed; that say, long the conditions remain such that 


same volume discharge may expected produce the same 
nearly the water. Within this limit, the quantity 


discharge, some function it, follows approximately the normal 
law error, and the height water function the 
discharge, follows that the height water, some function 


will follow approximately the normal law error; and, 
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channel conditions, the records gauge heights for term years 
may arranged the order magnitude and plotted, the author 
has plotted his flood data, paper, the writer would 
prefer, the probability paper previously described. illustration 
this method presented Fig. which shows the gauge heights 
the Ohio River Cincinnati, arranged this way. The results 
thus plotted may used basis for graphical determination 
the probability recurrence floods various heights, and the 
reasonable projection the mean line may taken giving 
idea the probable frequency floods greater than those covered 
the record. 

This method analysis, course, ceases applicable soon 
there are changes the channel. study certain flood data 
indicates that the Mississippi records above Memphis, and the records 
many other rivers which have not changed their channels, can 
treated this way; and, the other hand, the records the Lower 
Mississippi, owing changing dike and channel conditions, are not 
capable such use. 

The writer considers that the general method analysis proposed 
the author the greatest importance, and applicable the 
study many other kinds engineering data which unknown 
elements variation play important part; and believes that 
the use this method arranging and studying such data may prove 
even greater significance than the important results regard 
flood flows which are presented. 


Morris Am. Soc. always interesting and 
helpful when endeavor made deduce general empirical rela- 
tions from large mass accumulated engineering data. Such 
attempts, however, cannot emphasize too strongly the fact that 
these obtained relations hold good only for the data from which 
they were derived, and must not extended others without 
the greatest precaution. Unfortunately, too many the younger 
engineers and recent graduates are apt jump the conclusion that 
such studies, published the Society, are general applica- 
tion, and put them uses for which they were never intended. The 
author very careful this respect, and refrains from making any 
claim the universal application his equations. would 
well, however, the opposite were more strongly emphasized, and 
may not amiss some examples are given illustrate divergence 
from the laws deduced. 

Point given these remarks the fact that, about the time 
this paper was published, the speaker was interested investigating 
the magnitude and frequency floods the Allegheny River 
Kittanning, Pa., and was led check the relation between average 
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and maximum floods shown the records with that indicated Mr. 

the author. The results may some interest. 
Gaugings the Allegheny River Kittanning are now available 

for years. The gauge was established the United States Geo- 

logical Survey 1904, and remained under its jurisdiction until 1907, 

when was taken over the Water Supply Commission Penn- 

sylvania. The annual maximum 24-hour discharges have been de- 


0.5 1.0 1.5 
Ratio Flood Average Yearly Flood 
CURVE A-FLOOD FREQUENCY FOR 10-YEAR KITTANNING RECORD 
CURVE B-FLOOD FREQUENCY FOR 41-YEAR KITTANNING RECORD 
CURVE C- FLOOD FREQUENCY ACCORDING TO MR. FULLER'S 
EQUATION. 


10. 


duced from the readings this gauge, the rating table the 
Water Supply Commission, extrapolating for stages excess 
25.0 ft. 

Following the methods used the author compiling Table 
the results shown Table are obtained. 

Plotting the values Columns and logarithmic paper, 
was done for Curve Fig. gives the curve, Fig. 
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interesting that not straight line, the case for all the 
Knowles. . ° 
rivers for which plots were made the author. 

With the idea studying the effect increasing the period 
observation, attempt was made complete the Kittanning record 
for total years, studying the relation recorded gauge 
ings Kittanning with those Freeport and Parker. The gauge 


RELATION GAUGE HEIGHTS 
PARKER AND KITTANNING 


GAUGE HEIGHTS PARKER 


GAUGE HEIGHTS KITTANNING 


Fig. 11. 


THE ALLEGHENY KITTANNING. 


Average Yearly Flood 200 sec-ft. 


Ratio of 

ratios me, 
second- Summation divided 


Gouge Discharge, 
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in feet. feet. 
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Freeport, miles. below Kittanning, was established 
that Parker, miles above Kittanning, 1884. Freeport 
the mouth the Kiskiminetas River, one the largest tribu- 
the Allegheny, and important tributaries enter 
Parker and Kittanning, was thought that more 
constant relation might expected between the gauges Kittanning 
and than between those and 


RELATION GAUGE HEIGHTS 


AT KITTANNING AND FREEPORT 


GAUGE HEIGHTS KITTANNING 
12. 


All gauge readings ft. more Kittanning since 1904, 
therefore, were plotted, with the corresponding gauge readings 
Parker and Freeport, shown Figs. and Kittan- 
ning gauge heights were taken from the Freeport curve for the period, 
1873-84, and from the Parker curve for 1884-1904. plotting the 
Freeport-Kittanning curve, all points representing local floods the 
Kiskiminetas River were given less weight. 
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Estimating the corresponding discharges from the same rating 
and proceeding before, gives the results shown Table 


THE ALLEGHENY River 1873-1913, 


Average Yearly Flood 151300 sec-ft. 


auge scharge, Summation of ratios 
height, in divided b 
feet. second-feet. ratios. number 


in order of 


No. flood 
magnitude. 


— 


29.5 
28.5 
27.7 
26.8 
26.7 
26.3 
26.0 
25.7 
25.6 
25.1 
25.1 
25.0 
24.7 
24.3 
24.1 
24.1 
22.8 
21.8 
20.8 
20.7 
20.3 
20.0 
19.6 
19.1 
18.6 
18.4 
18.4 
18.4 
18.4 
18.2 
17.8 
17.1 
17.0 
16.7 
16.4 
15.9 
14.5 
14.0 


Average = 151 300 


Plotting Columns and Table paper gives 
Curve Fig. 10. This, also, not straight line, and though its 
upper portion nearly straight, the line does not pass through the 


log. 


1 
Time, 
Year. in 
years. 
0 
(2) (3) (4) (6) (7) (8) 
63 1.63 1.64 | i 
56 3.19 1.60 5 
51 4.71 1.57 | M 
45 6.16 1.54 2 
44 7.60 1.52 2 
42 9.02 1.50 8 
39 10.42 1.50 9 
37 11.79 1.47 
36 18.15 1.46 6 
82 14.48 1.45 
82 15.80 1.44 sf 
31 17.12 1.48 4 
29 18.41 1.42 2 
25 19.66 1.41 9 
20.90 1.40 7 
22.14 1.39 6 
23.28 1.37 4 
24.39 1.36 3 
25.39 1.34 2 
26.31 1.82 0 
27.22 1.80 95 
28.10 1.28 86 
28.98 1.26 
29.88 1.25 71 
30.65 1.23 .64 
31.48 1.21 58 
$2.18 1.19 
$2.92 1.18 
83.66 1.16 41 
34.39 1.15 37 
85.18 1.14 82 
35.85 1.12 
36.56 1.11 24 
87.20 1.10 -21 
87.84 1.08 17 
38.46 1.07 14 
39.06 1.06 
89.64 1.05 -08 
40.12 1.08 
40.58 1.01 02 
40.98 1.00 00 
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Curve Fig. 10, shows the author’s equation, and indicates that 
its use would yield results too large, the side safety, com- 
pared with the computed expectancies, for all periods excess 
years. 

may not without interest add that several attempts were 
made obtain equation which would fit Curves and and 
was found that the following checked closely for values greater 
than years: 


For Curve (Ave.) (1.7 0.6 log. log. 
For Curve (Ave.) (1.6 0.6 log. log. 


Graphs these are shown Fig. 13. 


CURVE Q=Q(AVE.) LOG. LOG. RECORD. 
CURVE Q=Q(AVE.) LOG. LOG. RECORD. 


2.0 
Ratio Flood Average Yearly Flood. 


Fie. 


should noted passing that the average annual flood com- 
puted the speaker for the 10-year record Kittanning, for any 
conservative years that record, substantially greater than that 
given the author for the Allegheny River Kittanning Table 
16. doubt this due the use different rating curve 


connection with the gaugings. 
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paper most interesting and well worthy place the 
actions the Society. The problems associated with the great rivers 
America, and the great forces Nature brought operation 
the enormous rainfalls that country, spread over great catchment 
areas, are subjects much interest engineers. The writer sure 
that those resident Australia especially will very thankful 
the author for his valuable paper, and also for the lucid manner 
which has presented it. From careful perusal, would seem, 
those studying the question the discharge rivers flood times, 
that the tabulated statements submitted Mr. Fuller, comparing 
one river with another, supply information which has long been needed. 
This comparison great value. suggests method which 
simple, and the same time possesses certain elements mathemati- 
eal precision and many indications accuracy which will ex- 
ceedingly helpful those who write the subject. 

The rivers Australia are few and small compared with the size 
the Continent, and are subject two serious and opposite disad- 
vantages—they are swollen overflowing are practically dried 
miles, and the only river within this great continent that can com- 
pared for size with those the Old and New Worlds the Mur- 
ray. The basin the Murray comprises about 414253 sq. miles, 
about one-seventh the whole. This area includes 104525 sq. 
miles Queensland, 234 362 sq. miles New South Wales, 
sq. miles Victoria, and 24384 sq. miles South Australia; but, 
the total area the basin, only 158 499 sq. miles make any effective 
contribution the volume the river, the scanty rain which falls 
the remainder the area being quickly absorbed. The average 
rainfall over the whole area only in. per annum. 

the rivers which flow the east, the two most important are 
the Fitzroy and the Brisbane. the north coast, the largest rivers 
are the Flinders, which falls into the Gulf Carpentaria, and the 
Victoria, which falls into the Queen’s Channel. the west coast, 
the best-known rivers are the Ashburton and the Swan. 

The misfortune Australia, regards rainfall, that the moun- 
tain ranges, which act condensers, lie near the east coast. The 
result that the narrow coastal plain gets more rain than 
and, when the rain-bearing winds from the Pacific have crossed the 
mountains and table-lands into the interior, the great heat there dis- 
sipates the clouds and does not permit them condense into rain. 

attempting form rule for flood discharges for Australian 
rivers, will found that there are many exceptions there 
are rivers, and further that the flood discharge each river varies 
according the precise locality which measured. The writer 
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that the question the fresh-water floods Australian 
rivers relation the areas and physical features their basins 
one those multiform problems which can only solved 
special attention the peculiar each particular case. 
One the chief wants experienced the water engineer Australia 
arises from the scantiness reliable data regarding the occasional 
floods which the rivers especially, and parts the country generally, 
are subject. probably much valuable information the 
hands few engineers now engaged public works throughout 
the country, but, one two cases, has never. been col- 
lected for reference. any case there great difficulty securing 
reliable evidence the levels attained great floods which oceurred 
more than years ago. This difficulty has been found the 
writer several occasions when desiring fix permanent levels for 
new pumping stations constructed the banks rivers 
connection with town water supplies. one case, for 
the Fitzroy River, deemed advisable fix the engine-house 
floor level ft. above the maximum flood level, although flood records 
were available for period years. the heights 
various floods this river have been tabulated the writer.* 

the eastern coast the flood discharge river greater per 
square mile for relatively small drainage areas than for larger ones, 
because the greater intensity precipitation the former 
time storm. 

The author states that: “In studying the data, few rivers, located 
principally arid and semi-arid regions, were eliminated account 
unusual conditions.” 

more especially these latter conditions, far they 
pertain few the Australian rivers, that the 
direct attention. From even cursory examination Table 36, and 
the brief description the physical characteristics 
rivers, will once apparent that would impossible 
establish set coefficients applicable for Australian conditions. 

The Murray rises, the Indi, Pilot Mountain, ft. above 
sea level, and, receiving large number tributary mountain tor- 
rents fed the snows the Muniong and Bogong Ranges, flows 
swiftly down from the table-land the lower plain, falling 4500 ft. 
its first 300 miles. Toward Albury joined the Mitta and 
Kiewa, and, between Albury and Wentworth, the affluents the Mur- 
ray are the Ovens, Goulburn, Campaspe, and Loddon from the south, 
and the Murrumbidgee and Darling from the north. The fall the 
river from Albury downward varies from in. per From 
Wentworth, however, Lake Alexandrina, the fall only in. per 
mile. Lake Alexandrina has area 288 sq. miles, and the outlet 
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for the Murray through the Goolwa and Coorong Channels, which 
unite Mundoo Island, and form one channel the sea. The mouth 
the Murray resembles many the Australian bar-bound coastal 
rivers, and proposals have been made from time time make 
navigable; but, account the formidable and difficulties 
encountered, nothing has yet been done. 

The Goulburn River the largest and most important Victorian 
tributary the Murray. This river, which flows into the Murray 
point 880 miles from Morgan, and 676 miles from the South 
Australian boundary, for the twelve years ending with 1903, inclusive, 
had maximum discharge 37%, minimum 16%, and mean 
23%, the discharge Morgan. The mean monthly discharge 
was from 70% 1884, and from 62% 1887, that 
the Murray Echuca, which miles below the junction. The 
description the Upper Murray is, many respects, applicable 
this river. takes its rise the Dividing Range, near Wood’s Point, 
where the summits reach elevation 5000 ft. The drainage area 
about 9000 sq. miles, about 1500 sq. miles being mountainous 
country considerable elevation. This portion the catchment 
area rocky and precipitous, and large proportion the rainfall 
discharged. The winter volume the river large, and the melting 
snows maintain the discharge far into the summer. About sq. 
miles the total catchment are effective, the remainder being non- 
contributing. The term, Goulburn Valley, limited, popular 
usage, the plain which extends from the Town Murchison north- 
ward the Murray. 

The Lachlan River possesses reputation for irregularity flow 
which is, perhaps, not paralleled any other river Australia. 
illustrative the great fluctuations which take place the volume 
discharged the river, the records for 1900 and 1902 might quoted. 
July, 1900, sudden downpour rain, aided melting snows 
the ranges forming the upper portion the Lachlan gathering 
ground, caused the river rise from ft. ft. in. hours 
Cowra. The estimated discharge this height was 1800000 cu. 
ft. per This volume was maintained for nearly two days, after 
which the river gradually subsided its normal level. The total dis- 
charge for July, 1900, exceeded 19000000000 cu. ft. The flood 
1894, although not any time reaching the maximum recorded 
July, 1900, was more sustained, the river was flood for four 
months the year, and that period not less than 600 000 000 cu. 
ft. passed the gauging station. way comparison, may 
mentioned that this was 60% more than the volume discharged 
the Murray Albury for the whole year 1902. During the drought 
year, 1902, the Lachlan was practically chain waterholes, and 
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TABLE 36. 


VoLumeE Passine OLUME 'PassING DISCHARGE 


Situation | GAUGING Station. GAUGING SraTION, PER MINUTE. PER MINUTE. 


station. a 


141 728 000 517 000 


(mean only) 


Wilcannia...| 717 000 000 te 


82948 000 118 000 


29 506 000 000|1894) 7 021 000 000/1902 


in square miles. 


Catchment area, 


General 


There are means estimating 
the of rainfall dis- 
ars the Murrumbidgee, as 

s do not include the 

the Dividing 

Range, where the heaviest falls of. 

rain and snow occur. Gaugings 
from. 1885. 


Only high flood that 
the waters the reach 
the Murrumbidgee. to. 

From February, 1902, to January, 
1908, the river ceased flow 
account the drought. Gaug- 
ings from 1885. 

During 1887 estimated that 35% 
the total rainfall the catch- 
ment area was discharged. 
During 1902 estimated that 
only 5% of the total rainfall on the 
catchment area was discharged. 
The run-off during 1902 was 10% 


the catchment area passed the 
gauging station. Gaugings from 


fe 1902, 23% of the rainfall on 
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the discharge for the twelve months only reached 024 000 000 
which very small proportion passed 

The Brisbane River has total water-shed about 300 sq. miles, 
the areas the principal contributing rivers and 
tively, being 


Stanley River sq. miles 
Brisbane River, above Cooyar 
Mousildale and Avoca Creeks 

Cooyar Creek 

Emu Creek 

Maroughi and Anduramba Creeks 

Cressbrook Creek 

Lockyer Creek 

River 


This area bounded all sides mountain ranges varying 
height from 1000 ft. More than 2500 sq. miles the upper 
portions the water-shed consist generally impervious strata, and 
the lower portions, remainder, permeable strata. Stanley 
River, rising high lands near the Pacific Coast, subject 
rainfall which has quick run-off; indeed, that con- 
the chief factor studying flood flows the main river. The 
total length the Brisbane River 210 miles, 
for vessels more than 12000 tons far Brisbane. 
The tidal range the mouth the river and Brisbane between 
and 

The valley the Brisbane River the scene recurring floods, 
highest flood record Brisbane occurred February 5th, 
1893. rainfall recorded for days previous that date meteoro- 
logical stations within the water-shed follows: 


Esk 


Laidley 

Woodford (gauge overflowed) 


Unfortunately, these records are give any reliable data 
the true average fall whole area; they are given 
they are correct. The cross-section at. the railway crossing Indoo- 
roopilly carried the whole the flood-water. The estimated surface 
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velocity the current February 5th was miles per hour. The 
discharge the 24-hour period the flood, when its maximum 
height, may taken 000 000 gal. 

The Fitzroy River drains catchment area about 000 sq. miles, 
the greater portion which very flat; and this area not less than 
sq. miles are above Rockhampton, the capital Central Queens- 
The extreme length the river, including all bends, measured 
from the source the Dawson River Branch its outlet Keppel 
Bay, 520 miles. The length within tidal influence, extending 
Alligator Creek, about miles above Rockhampton, only miles. 
The greatest flood record occurred February, 1896, and the esti- 
mated maximum discharge the.river for was 
397 226 000 000 gal. The lowest flow ever recorded was gauged the 
writer May, 1902, when the small quantity 46000000 gal. was 
discharged hours, The physical conditions, this river are 
entirely different from referred to, chiefly account 
the water-shed being very. 

conclusion, the writer desires state that considers Mr. Ful- 
ler’s paper the best and most instructive contribution. yet pub- 
lished the subject, 

titled unstinted for having performed vast amount useful 
work preparing compilation and ingenious analysis 
flood American rivers. The subject is, moreover, timely 
one, view the floods which have oceurred this year 
Ohio and New York, last year Wisconsin, and three years ago 
Europe: studies the data submitted, reaches the 
conclusion that formula for computing the probable maximum 
flood discharge from catchment areas, must provided with factor, 
coefficient, the magnitude which depends the peculiarities 
each water-shed, and adapted thereto considering all previous 
factor express the ratio the probable future maximum discharge 
denotes the number years the period between the recurrence 
floods the same The general formula 
proposed the author for the greatest average rate flow during 

The values the variable factor, for the rivers the several 
geographical’ districts the United adopted the 
Geological Survey, are given computed the author Tables 
26, such factors are given, one referring the 


the Rainfall Central Queénsland and Floods the Fitzroy Herbert 
Bellamy, Minutes Proceedings, Inst. Vol, 295. 
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average yearly flood discharge series years, observation, and 
the other the largest observed discharge during such period. For 
the sake clearness, they should designated, their 
(Ave. 
Columns and respectively, those tables. seems the 
author’s purpose use the value, his aforesaid general formula 
(1+ 0.8 log. T). The use the formula may illustrated 
the example relating the Susquehanna River Bing- 
hamton, Y., Table 14, where 2400, 10, (Ave.) 
100, 78, and 70, corresponding 000 cu. ft. per 
sec., which the largest flow observed years. desired 
compute the probable maximum discharge, that will 
period 100 years, the same place, the formula will become: 
(Ave.) 0.8 log. 89100 2.6 101 660 en. ft. 
3.4 132 940. The coefficient, should not used, relates only 
the particular values, and 10. 

examination Tables 26, inclusive, shows wide differences 
the values for apparently similar drainage areas. Thus, 
Table 14, have for the Passaic River, with 823 and 
34; while for the Raritan River, with 800 and the 
value 93. Similarly, the same table, find for the East 
and West Branches the Delaware River, Hancock, 
140 and 105, respectively, for 920 and 680, and 
both Again, Table 13, find and for the 
Hudson River with, respectively, and 4500, and 
and 40; while for the Mohawk River, with 3440 and 12, 
have 75; also, for the neighboring water-sheds West and 
East Creeks, with 364 and 256, and and 12; 
find 116 and 71, respectively. For nearly equal areas the 
basins the Connecticut, Mohawk, and Delaware Rivers, namely, 
8440, and 3250, with 11,.12, and have 
49, 75, and 97, respectively; and similarly other 
catchment areas. The values also vary different points the 
same river basin, sometimes increasing with sometimes being nearly 
constant, and sometimes decreasing. 

The factor, C,, depend primarily the depth and 
extent the precipitation causing flood, the the year, 
and the total drainage area the point observation; and, sec- 
ondarily, the nature the surface soil whether 
absorptive impermeable, the slopes the surface and lines 
drainage, the shape the basin component areas, the extent 
and character the vegetation thereon, the duration ‘thé excessive 
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rainfall and melting previously fallen snow, and the extent which 
portion the run-off impounded natural and artificial reser- 
voirs, including the temporary inundation broad flats the valley 
above the point observation. The latter important feature, 
and, considering the future maximum flow from such 
areas, will expedient assume that improvements will 
made, whereby inundations will reduced. The factor also 
affected the formation and bursting ice jams northern 
streams, and the formation barriers sunken logs, silt, and gravel, 
which may cause large storage temporarily until scoured away 
strong freshet. thus evident that numerous features must 
taken into account estimating the probable maximum flow from 
large ‘area. 

regard the rainfall, can said that heavy precipitations 
covering great areas country during few days, occur more 
less regular intervals years all the States east the Mississippi 
River and the Pacific The points where the rainfall 
observed, however, are generally far apart that very difficult 
estimate the actual volume and distribution the water 
large territory. mountainous, regions, intense precipitations often 
localities not provided with rain-gauges, and the fact that 
unusual downpours have taken place areas many square miles, 
attested the resulting freshets, the magnitude which not 
warranted scanty available records rainfall other places. 
happens, therefore, that the rainfall mountainous 
catchment basins frequently underestimated, shown the case 
the water-shed of. West Canada Creek, Y., where one year 
the aggregate run-off was much more than the estimated precipitation. 

American rivers, and the recurrence heavy rainfalls longer 
intervals time, becomes questionable whether the use different 
values for similar water-sheds.in the same region 
The same combination conditions that produced great flood 
one year particular basin, likely occur another year the 
neighboring basin, and hence seems safer use the largest ob- 
served value for all the streams given region when 
known that the area, topography, and character soil are substan- 
tially alike. The variation the value for larger 
similar water-sheds region, can probably also. deduced from 
the data, whereby will expressed function and, 
result, will have formula like 0.8 log. for all 
similar catchment basins particular region. this. means 
regional peculiarities would recognized variations the value 
the coefficient, and perhaps also the exponent, The ad- 
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vantage such formula lies its applicability wide range 

question also arises the value used when com- 
puting the future maximum flood The tables contain 
reference the rainfalls that produced the floods listed, nor the 
dates their occurrence, and hence impracticable determine 
from the data submitted whether probable maximum flood not 
occur during the period .observation. may also the 
largest observed flood was nearly equal the future maximum, 
which event the factor 0.8 log. -correspondingly 
smaller than 2.5 3,0, when taken from 320 years. 
Much depends, therefore, the actual conditions. which produced 
the observed floods, and this subject information 
the paper. The floods some the rivers Ohio, 1913, were 
unprecedented magnitude, and statement that they might be- 
come twice large the future would surely have accom- 
panied with the most convincing proofs order accepted; and 
the same can also said all other large floods elsewhere. 

regard the intervals between the occurrence extraordinary 
floods, few data are available for American rivers. Table shows 
that two great floods nearly equal magnitude occurred the Con- 
necticut River, Hartford, Conn., period 104 years; two 
the Merrimac River, Lawrence, Mass., years; and two the 
Androscoggin River, Rumford Falls, Me., years. Table 
shows that one great flood was observed the Hudson River, 
Y., years; Table 14, that two great floods 
were observed the Passaic River, Dundee Dam, J., 
years; Table 17, that two great floods occurred the Genesee River, 
Rochester, Y., 128 years; Table 16, that two great floods 
the Ohio River, Wheeling, Va., occurred years; and 
Table 20, that one large flood the Kansas River, 
Kans., occurred years, all other periods observation being 
less than years. The average the foregoing enumeration one 

For foreign rivers, few data recurrences great floods were 
recently published official investigations floods the Seine, 
Paris, and the Danube, Vienna.* the Seine Paris, the observa- 
tions extend over period 400 years, the highest flood having occurred 
March 1658, and the next almost equally high one January 
28th, 1910; the third order magnitude, and but slightly lower 
than the second, was December 26th, 1740, and between this date 
and January 7th, 1883, eight other floods somewhat lower height 
are recorded. thus have for the Seine record great floods 


* Abstracts thereof are given in Engineering News, 1910, I, p. 327, and Zeitschrift des 
Oesterr. Ingenieur- Architekten-Vereines, 1910, pp. 147 and 457, respectively. 
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255 years, the average one unusual flood The 
discharge the river Paris; January 28th, was estima’ 
cu. ft. per sec. water-shed sq. miles. 

drainage area the Danube about sq. 
miles, and from well-attested flood marks, the highest. flood 
reliable data for computing the discharge that time 
are available, but, nearly can determined from observations 
the channel during the past years, flow was 
then about 503:200 cu. ft. floods have oc- 
curred since, with discharges reaching cu. ft. per sec. Sep- 
tember, 1899; but from careful study all existing data relating 
the precipitation the drainage engineer who reported 
the:subject 1910 concluded that recurrence the great flood 
1501 was highly probable, and might take place any year 
excessive rainfall. 

Other records for European rivers might also cited, show 
that great floods shorter intervals than 100 years; 
but writer that enough has been adduced show 
that the proper value used making estimates future 
flows American rivers, deserves further explanation the 
author. 

Generous reference has been made the paper writer’s ex- 
tensive study the subject, published the State Engineer’s 
“Report the Barge Canal the State New York’’, Albany, 1901. 
this publication the drainage areas and maximum flood discharges, 
cubic feet per second per square mile, 232 American and 364 
foreign river basins were submitted, together with different 
formulas, reprinted Table 29, that had been devised 1900 
estimating the probable maximum flow stream. 
Although these data are very useful, they are too long for reproduction 
here, especially many them are contained the author’s tables, 
and therefore the append only the additional data large 
flood discharges that has collected since the year 1900, 

examination the figures soon shows wide differences the 
rates maximum discharge for. water-sheds the same magnitude 
the world, and confirms the view the author 
that necessary take into account the topographical, geological, 
and meteorological characteristics drainage area before estimating 
the probable run-off therefrom. This opinion 
been held hydrologists, and hence most the various formulas for 
flood discharge are adapted only particular localities. Doubtless 
the most important ‘factors are the intensity, duration, and distribu- 
tion the rainfall the water-shed, but owing lack sufficient 
data this subject almost every country and State, becomes 
extremely difficult establish even approximately relation 
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between them. For rains comparatively long duration; the char- 
acter the surface soil seems minor importance, 
usually becomes: saturated few hours and absorption diminishes 
large whereas, for short heavy downpours, the condition 
run-off, especially the area covered such precipitation then 
relatively small. The largest rate run-off that the writer has found 
recorded ft. per sec. per sq. mile, July 14th, 1897, from 
area only 0.25 sq. mile irregular rocky surface 

Reference may. also made the following 
Iszkowski, Chief Engineer the Austrian Ministry Public Works. 
This called “induction formula for estimating the 
flood discharges, based the characteristics the and 
involves four direct factors, viz.: the area (M) the 
mean yearly depth (R) rainfall thereon; two variable coefficients, 
one (C,) depending the topography general slope the territory, 
and the other the the soil, according 
strongly absorptive, slightly permeable, impervious; and 
lastly, special factor (m) which varies inversely with the. area 
the water-shed. its original form, for the metrical system, this 
able maximum flood discharge, cubic meters per second, 
the mean annual depth meters; and the drainage 
area, square kilometers. this system measures, the value 
the coefficient (C,) ranges from 0.20 for very flat, sandy, 
swampy areas, 0.65 for high mountainous areas; the 
ranges from 0.035 for very permeable land covered with vegetation 
0.70 for impervious rocky frozen land, without active vegetation, 
and with snow which will increase the run-off melting; 
and the value (m) ranges from 7.88 for sq. for 
sq. set forth table from which the writer 

average conditions, such correspond hilly territory with slightly 
and sparse vegetation, the values the said coefficients 
are and substituting these particular values 
the formula and then reducing the customary measures dis- 
charge (q) feet per second ‘per square mile, area (M) 
square miles, and the mean annual depth rainfall (R) inches, 
will have: 


1884, pp. 25, and 
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cubic feet per second per square. mile, for the aforesaid average 
conditions. assume in., this expression will give 
260, 208, 80, and for 10, 100, 1000, respectively. 
For mountainous territory with rocky will have 
and 0.60 the original formula, whence reduction: 


cubic feet per second per, square mile. For the same values 
(R) and (M) before, this second equation gives 390, 312, 
119, and 42, 50% more than (1). Similar ex- 
pressions might also deduced for other values and (C,), 
but they will omitted here doubtful whether the formula 
can applied generally without modification. the writer’s opinion, 
the formula gives values (q) that are too low for small drainage 
areas and too high for large ones. The method development, how- 
ever, ingenious and worthy closer investigation. 

page 616 the paper formula given that devised 
the writer 1900 for the probable maximum flood discharge from 
mountainous and hilly water-sheds not more than 5000 sq. miles 
the Middle and New England States. Since that time many other 
data have become available, that this formula should now 
fied. Further studies the subject have led the writer propose 
another simple formula which applies river basins the Southern 
Atlantic States, and based the greatest observed discharges 
the Potomac River Point Rocks, Md., the New River Radford, 
Va., the Catawba River Rock Hill, C., the Little Tennessee River 
Judson, Cane Creek Bakersville, C., and numerous 
other streams which exhibit somewhat smaller rates discharge than 
the preceding. This new formula 
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feet per second per square mile, and regarded 
applicable mountainous and hilly water-sheds having areas 
not more than sq. miles, the portion the country indicated. 
comparison with Iszkowski’s data, represented the foregoing 
Equation (2), this formula gives 771, 242, 66, and 44, respec- 
tively for 10, 100, 1000, and sq. miles. great difficulty 
found estimating the discharge from cloudbursts basins less 
than sq. miles, both the duration the heavy rainfall and the 
area covered are indefinite; hence likely that modification 
this new formula will also required, 
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Data CoMPILED THE WRITER, AND PUBLISHED THE 


Stream and locality. 


AMERICAN STREAMS. 
Mississippi River, | 
at St. Louis, Mo.........) 
Missouri River, 
St. Charles, Mo....... 
Missouri River, 
at Sioux City, Ia........ 
Colorado River, 
at Yuma, Ariz......... os 
Ohio River, 
at Paducah, Ky......... 
Mississippi River, 
at Grafton, IIl........+... | 
Mississippi River, 
at Clayton, fa...... 
Kansas River, 
Lawrence, 
Platte River, . | 
near Columbus, Nebr... 
Mississippi River, 
at Prescott, Wis...... 
Colorado River, 
at Austin, Tex........... | 
Mississippi River, 
St. Paul, Minn........ 
River, 
at St. Paul, Minn........ 
Red 
at Grand Forks, N. D.... 
North Platte River, 
at Camp Clarke, Nebr... 
Susquehanna River, 
at Harrisburg, Pa.....{ | 
Susquehanna River, 
at Harrisburg, Pa..... 
Ohio River, } 
Wheeling, 
Ohio River, 
Wheeling, 
Republican River, 
Bostwick, 
Tennessee River, 
Chattanooga, Tenn... 
Ohio River, 
Pittsburgh, Pa........ 
Mississippi River, 
Anoka, 
River, 
Peoria, 


Drainage area, 
square miles, 


702 380 


810 
462 

225 000 


205, 750 
040 
841 
900 
070 


085 
700 
000 
800 
030 


| 24 080 


800 


Alabama River, 
at Selma, 


| 


Maximum discharge, | 


d-per square mile, | 


feet per 


secon 


1.28 
1.18 
1.64 
0.67 
2.10 
2.66 
0.88 
2.50 
2.26 
1.70 


0.95 


30.6 


20.8 

19.00 
1.10 


22.98 
2.87 


9.5 


Date flood. 


June, 1883 
June, 1883 
Apr., 1881 
June, 1909 
Feb., 1884 
June, 1883 
June, 1880 
May 1908 
15, 1905 
1881 
Apr. 1900 
Apr. 29, 1881 
Apr., 1897 
1897 


June 26, 1899 
June, 1889 


Mar., 1865 


Feb. 1884 
Mar., 1907 
July 4, 1905 
Mar. 11, 1867 
Mar. 15, 1907 
Apr., 1897 
Mar. 28, 1904 
Jan. 19, 1892 


| 


list these authorities given the end this table. 


Number of 


years observed. 


(1880-85) (80) 
(1880-85) (30) 
(1880-85) 
(1880-85) (30) 
(1) 
(1895-06) (14) 
(1880-85) 
(1896-04) 
(1867-12) and (25) 
(1867-12) and (25) 
(1896-06) (14) 
(1865-05) 
22. (1884-05) (1) 
(1884-11) (2) 
(1896-06) (14) 
(1867-04) (1) 
(1890-05) (1) 
(1891-04) (1) 


800 
300 
382 
100 
100 
700 
| | 
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TABLE 37.—( Continued.) 


Mr, 
Kuichiing. 


Stream and locality. years observed. 


square miles. 
in cubic feet per 
second per square mile. 


Drainage area, in 
Maximum discharge, 


Minnesota River, 
near Mankato, Minn June, 1908 10 (1908-12) (25) 
Loup River, 
Columbus, Nebr...... June 1896 (1895-06) (1) 
Sacramento River. 
Red Bluff, Feb., 1909 (1902-12) (8) 
Sacramento River, 
at Jelly’s Ferry, Cal ( Mar., 1900 8 (1895-02) (8) 
Connecticut River, 
Hartford, Conn....... May, 1854 105 (1801-1905) 


Susquehanna 
at Wilkes-Barre, Pa.... May 2, 1902 7 (1899-05) (1) 


Potomac River, 
Mar., 1902 (1889-06) 


Potomac River and (17) 


Point Rocks, Md. 
Blue River, 
Allegheny River. 
at Kittanning, Pa........ Mar. 20, 1905 8 (1904-11) (22 
Grand River, 
at Palisade, Colo........ y June 5, 1905 | 4 (1902-05) (1) 
Smoky River, 
at Ellsworth, Kans...... July, 1895 | 9 (1895-03) (19) 
Gunnison River, 
at Whitewater, Colo June 5, 1905 4 (1902-05) (1) 
Penobscot River, 
at Bangor, Me Apr. 10, 1901 35 (1875-09) (10) 
Savannah River, 
at Augusta, Ga....... ‘ Sept. 11, 1888 | 66 (1840-05) (1) 


Chippewa River, 
at Eau Claire, Wis....... June 8, 1905 4 (1902-05) 
Cedar River, 
Cedar Rapids, Mar., 1910 (1909-11) 
Rock River, 
below Rockton, Ill Mar., 1904 7 (1908-09) 
Fox River, 
Croche Dam, 
Niobrara River, 
near Valentine, Nebr.... July 18, 1908 7 (1901-07) 
St. Croix River, (1908-05 
St. Croix Falls, May, 1912 1910-12) 


Monongahela River, 
Lock No. Pa....... July 11, (1886-05) 
Red Lake River, 
at Crookston, Minn Apr., 1906 12 (1901-12) 
Flint River, | 
at Albany, Ga........... Feb. 17, 1905 4 (1902-05) 
Grand River, 
at Grand Rapids, Mich. Mar. 27, 1904 Indefinite 
Merrimac River. 
Lawrence, Mass Mar., 1896 (1846-04) 
River, 
above Sandy River, Minn. Sept., 1900 (1895-12) 


(1) 
(4) 
(4) 
(18) 
(14) 
(25) 
(1) 
(25) 
(16) 
(2) 
(15) 
(25) 
| | 


DISCUSSION 


TABLE 


FLOOD FLOWS 


Stream and locality. 


Hudson River, 

at Mechanicville, N.Y... 
Kennebec River. 

at Waterville, Me....... 
Oconee River, 

at Dublin, Ga............ 
Pit River, 

near Bieber, Cal......... 
Coosa River, 

at Rome, Ga............. 
Neosho River, 


at Iola, Kans........... | 


Feather River, 

Oroville, Cal....... 
Crow Wing River, 

near mouth, Minn 
Mohawk River, 

at Cohoes, N. Y......... 
Chattahoochee River, 

at West Point, Ga....... 
Wabash River, 


at Logansport, Ind...... 


Klamath River, 


at Keno, Ore 


Link River, 
at Klamatb Falls, Ore... 
Verdigris River, 


| 


Liberty, Kans......... 


Sbenandoa! River, 

at Millville, W. Va....... 
Catawba River, } 

Hudson River, 

at Glens Falis, N. Y..... 
Saline River, 

at Beverly, Kans..... 
New River, 

Radford, 
Savannah River, | 


near Calhoun Falls, 


Kennebec River. 

bet. Forks Waterville. 
Wisconsin River, 

near Merrill, Wis 
Sangamon River, | 

at Riverton, Ill.......... 
Elkhorn River, 

near Norfolk, Nebr...... 
Chemung River, 

at Chemung. N. Y...... 
Ocmulgee River, 

at Macon, Ga............. 
Menominee River, 

near Iron Mountain, 
Genesee River, 

Rochester, 
Kern River, } 

at Bakersfield, Cal......) 


Drainage area, in 
square miles. 


440 


425 


415 
365 


in cubic feet per 


Maximum discharge, 
| second per square mile. 


28, 1918 (1888-13) 
Dec. 16, 1901 (1898-06) (15) 
Feb. 12, 1908 (1898-05) (16) 
Mar., 1907 (1904-08) (8) 
Dec. 31, 1901 (16) 
July 10, 1904 (1896-04) (2) 
Mar., 1907 (8) 
27, 1918 (1888-18) 
Dec. 1901 (16) 
Mar, 27, 1904 (2) 
June, 1904 7 (1904-10) (6) 
Mar., 1904 (1904-10) (6) 
1904 (1895-04) (2) 

May 23, 1901 (1895-03) (84) 

June, (1895-08) (19) 

Dec. 16, 1901 (15) 

16, 1908 (1902-05) (18) 

1911 (1908-11) (4) 

May 30, 1908 (1896-08) (14) 
Mar. 28, 1913 (1908-18) 
Mar. 1902 (1898-05) (16) 

May, 1904 (18) 

Mar. 28, 1918 

June, 1906 (1898-11) 


652 

500 

270 

182 

6.81 

006 16.02 

670 20.38 

640 51.37 

580 

472 

300 

150 

110 2.90 

067 16.45 

995 46.65 

987 

760 25.36 

5.86 
725 

712 

700 

560 
470 

21.52 

20.97 
4.87 

17.42 

4.05 
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Stream and locality. 


Androscoggin River, 

N. Fork Feather River, 

at Big Bend, Cal......... 
American River, 

at Fair Oaks, Cal 
W. Branch _ Penobscot 

River, at Millinocket, Me. 
Kings River. 

near Sanger, Cal 
Kiskiminetas River, 

at Avonmore, Pa 
Allegheny River, 


San Joaquin River, 
Hamptonville, Cal.. 


Oostanaula River, t 
at Resaca, Ga.......... 


Kennebec River, 

8. Fork Shenandoah River. 

near Front Royal, Va.... 
Chattahoochee River, 

at Oakdale, Ga 
Catawba River, 

at Catawba, N. C 
Tuolumne River, 

at Lagrange, Cal 
&. Branch Potomac 

River, near Springfield, 

oe 

Genesee River, 

at Mt. Morris, N. Y 
Cheat River, 

at Morgantown, W. Va.. 
Tygart Valley River, 

at Felterman, W. Va..... 
Youghiogheny River, 

at Connellsville, Pa 
Chagres River, 

at Gatun, Panama 
Mohawk River, 

at Little Falls, N. ¥ 
Cache Creek, 

at Yolo, Cal 
Yuba River, 

near Smartsville, Cal... . 
Raquette River, 

Massena Springs N.Y. 
E. Branch Penobscot 

River, at Grindstone, Me. 
Merced River, 


near Merced Falls, Cal.. 


French Creek, 
at Carlton, Pa 
Sacandaga River. 
Hadley, 


Drainage area, 
square miles. 


in cubic feet per 


second per square mile. 


Maximum discharge, 


27.50 
93.9 
16.34 
90.91 
9.40 
23.36 
22.98 
27.36 


Date of flood, 


Apr. 22, 1895 
Mar. 19, 1907 
Mar., 1907 
Apr. 1903 
1901 
Mar., 1908 
Mar. 2, 1910 


1881 


17, 1899 


Dec. 16, 1901 
Mar., 1902 
Dec. 30, 1901 
May 23, 1901 
Jan., 1911 
Mar., 1906 


Mar. 27, 1913 
Jan., 1911 
Jan., 1911 
June, 1910 

Dec. 28, 1909 

Mar. 27, 1913 
Feb., 
Jan., 1909 
May, 1902 

Sept. 29, 1909 
Jan., 1911 
Mar,, 1910 

Mar. 28, 1913 


| 


Number of 


years observed. 


(1905-10) 
(1904-12) 
(1901-09) 
(1895-12) 
(1907-11) 
(1904-11 
164 
and 
(1907-12) 
1901 and 
1905) 
(1901-06) 
(1899-06) 
(1895-04) 
(1896-05) 
(1895-12) 
(1894-5) 
(1904-06) 
(1899-11) 
(1907-11) 
(1908-11) 
(1894-18) 
(1898-13) 
(1908-12) 
(1908-12) 
(1904-11) 
(1902-09) 
(1901-11) 
(1908-11) 
7 (1907-138) 


Authority. 


Mr. 


653 

820 28.81 (15) 

940 (8) 

910 (8) 

12.90 (10) 

740 

720 39.10 (22) 

640 

12.67 

570 48.92 (17) 

81.28 (16) 

61.89 

500 85.07 (7) 

440 17.81 

410 12.52 

380 

(22) 

280 

220 (8) 

170 (5) 

100 (10) 

070 (22) 


TABLE 


DISCUSSION FLOOD FLOWS 


sé 3 
Bou 
om 
a 
Scioto River, 
at Columbus, O.......... 1 047 80.82 
N. Fork Shenandoah River. 
near Riverton, Va....... 087 20.86 
Flint River, 
near Woodbury, Ga...... 988 30.62 
Truckee River, 
near State line, Cal...... 955 16.02 
Stanislaus River, 
Ferry, Cal... 935 61.18 
Clarion River, 
at Clarion, Pa............ 910 43.20 
Schoharie Creek, 
at Fort Hunter, N. Y.... 909.3 44.56 
Schoharie Creek, 
Fort Hunter, Y.... 900.0 
Youghiogheny River. 
below Confluence, Pa.. 87 52.63 
Dead River, 
near The Forks, Me...... 870 20.74 
Minnesota River, 
above Whetstone River, 
Minn..... 846 0.11 
Kettle River, 
near Sandstone, Minn... . 825 7.15 
Passaic River, 
at Dundee, N. J.......... 823 88.16 
Raritan River, 
at Bound Brook, N. J.... 806 64.52 
Putah Creek, 
Winters, Cal.......... 805 87.27 
North River, 
Port Republic, Va.... 804 29.69 
Hudson River, 
at North Creek, N. Y.... 804 35.08 
Chagres River, 
at Bohio, Panama....... 779 115.5 
Broad River, 
near Carlton, Ga........ 762 88.22 
West Fork River, 
at Enterprise, W. Va.... 744 23.67 
Big Muddy River. 
near Cambon, 14.97 
nez River, 
Raquette River, 
at Piercefield, N. Y...... 723 8.18 
Little Tennessee River, 
at Judson, N.C....,..... 675 85.3 
Monocacy River, 
near Frederick, Md..... 660 
Mokelumne River, 
near Clements, Cal...... 642 26.01 
McCloud River, 
near Gregory, Cal....... 608 
Hoosie River, 
Y.... 605 38.01 
Etowah River, 
Canton, 604 28.30 


Date flood. 


Mar. 25, 1918 
Apr., 1901 
Feb, 28, 1902 
1907 
Mar., 1907 
1905 
Mar. 27. 1918 
Mar. 21, 1901 
Aug. 21, 1888 
May, 1904 


Mar., 1903 
May, 1912 
‘Oct. 10, 1908 
Sept. 24, 1882 
Mar., 1907 
Sept., 1896 
Mar. 28, 1913 
Dec. 27, 1909 
28, 1902 
Jan,, 1911 
May, 1911 
Mar., 1911 
May, 1911 
Dec., 1901 
Mar., 1902 
Jan., 1911 
Mar., 1904 
Mar. 28, 1913 
29, 1901 


Number 
years observed, 


Indefinite. (39) 
(1899-06) 
(1900-05) (16) 
(6) 
(1908-12) 
(1885-11) 
(1898-18) 
(1898-18) 
(1874-05) 
(1902-06) 
(1899-04) 
(1909-12) (25) 
(1810-05) 
(1810-05) 
(1908-12) (8) 
(1895-99) 
(1907-18) 
(1894-18) 
(1897-05) 
(1907-11) (22) 
(4) 
(1908-11) (5) 
(1905-12) 
(1902-08) (8) 
(87) 
(1896-04) (16) 
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| 
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Stream and locality. 


Stony Creek River, 

near Fruto, Cal 
Tugaloo River, 

Madison, 
Conewango Creek 

Santa Catarina River, 

at Monterey, Mex........ 
Coosawattee River, 

Carters, 
Cosumnes River, 

Michigan Bar, Cal.... 
Truckee River 

at Tahoe, Cal.... 
Olentangy River, 

Columbus, 
N. Fork Feather River, 

below Prattville, Cal 
Deerfield River, 


Shelburne Falls, Mass. 


Cache Creek, 

Lower Lake, Cal...... 
Ausable River, 

at Ausable Forks, N. Y.. 
Cattaraugus Creek, 

at Versailles, N. Y....... 
Tionesta Creek 

at Nebraska, | 
Casselman River, 

Battenkill, 

Greenwich, Y...... 
Whetstone River, 

Bigstone, 
Apalachee River, 

near Buckhead, Ga...... 
River, 

at Confluence, Pa........ 
Chagres River, 

at Alhajuela, Panama... 
Fork Sangamon River, 

Taylorville, 
Rio Mora, 

Weber, M.......... 
Mahoning Creek, 


at Piedmont, W. Va...... 
Tygart Valley River, 

at Belington, W. Va...... 
Mohave River, 

Pacolet River, 

Spartansburg, C.... 
Calaveras River, 

Jenny Lind, Cal...... 
Middle Oconee River, 

near Athens, Ga......... 


TABLE 


Drainage area, 
square miles. 


in cubic feet per 


Maximum discharge, 
second per square mile. 


Date 


Feb., 1909 
July 1905 
Jan., 1911 
Aug. 27, 1909 
May 21, 1901 
Jan., 1911 
July, 1907 
25, 
Mar., 1907 
Apr. 15, 1909 
Feb., 1909 
Mar. 27, 1918 
Mar, 25, 1913 
Jan., 1911 
Mar., 1907 
Mar. 28, 1918 
Apr., 1910 
Mar, 1902 
Mar., 1907 
Dec. 26, 1909 
Sept., 1911 
Sept. 29, 1904 
Feb., 1910 
Mar. 19, 1899 
Feb., 1902 
July, 1907 
Mar., 1908 
June 1908 
1911 
Feb, 28, 1902 


Number 
years observe 


Authority. 


(1901-12) 


(1910-12) 
Indefinite. 


(1896-05 
(1907-12 


1900-12) 


Indefinite, 


(1905-10 
(1907-10 
(1901-12 


(1910-11 
(1910-12 

(1901-05 


(1905-11 


(1908-11 


(1910-11 
(1897-05 
(1899-06 
(1907-11 


(1907-12) 
(1901-02) 


(19) 
(7) 


(16) 


Mr. 
Kuichling. 


655 
601 48.75 (8) 
550 20.95 
544 (35) 
(16) 
519 2.60 (6) 
514 70.00 (39) 
506 19.47 (8) 
500 8.68 (8) 
487 45.17 
451 20.40 (22) 
448 43.89 (22) 
444 
441 2.95 (25) 
440 15.19 (16) 
52.07 (22) 
427 898.1 
427 9.70 (4) 
422 65.70 (2) 
Pa... 412 80.51 (22) 
410 (17) 
408 40.88 (22) 
400 (1899-05) (6) 
400 88.90 
176.20 
395 


Mr. 


Stream and locality. 


Black Lick Creek, 
at Black Lick, Pa........ 
E. Fork Carson River, 
near Gardnerville; Nev. f 
Pompton River. 
Rondout Creek, 
at Rosendale, N. Y....... 
Esopus Creek, 
at Mt. Marion, N. Y.'.:.. 
W. Canada Creek, 
W. Canada Creek, 
W. Canada Creek, 
Hinckley, Y........ 
Carrabassett River, 
at N. Anson, Me.......... 
Silver Creek, 
near Lebanon, Ill........ 
San Luis Rey River. 
near Pala, Cal. .......:.. 
Oil Creek, 
Pa........ 
Antietam Creek, 
near Md.... 
Youghiogheny River, 
at Friendsville, Md...... 
Brokenstraw Creek. 
at Youngsville, Pa...... 
Piscataquis River, 
at Foxcroft, Me......... 
Crooked Creek, 
at Hileman's Farm, Pa. 
Nottely River, 
Ranger, 
Miller Creek, 
near Lovella, 
Tule River, 
near Portersville, 
Bear River. 
Van Trent, Cal........ 
Salmon River, 
Pulaski, Y......... 
Cahokia Creek, 
near Poag, 
East Canada Creek, 
Y....... 
River. 
at Susanville, Cal........ 
South River, 
at Port Republic, Va.... 
Cobbossecontee 
Gardiner, 
Esopus Creek, 
at Olivebridge, N. Y..... 
Toccoa 
near Biueridge, Ga...... 
Alcovy River, 
near Covington, Ga..... 
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TABLE 


Drainage area, in 
square 


in cubic feet per 


Maximum discharge, 
second per square mile. 


9.52 


Date flood. 


Mar., 1905 
Feb., 1904 
Oct. 10, 1908 
Apr. 26, 1910 
Apr. 26. 1910 
15, 1901 
Mar. 28, 1918 
Apr. 21, 1869 
May, 1904 
May, 1908 
Mar., 1906 
Mar., 1910 
Feb., 1902 
Mar.. 1904 
Mar., 1910 
Sept. 29, 1909 
Sept., 1911 
28, 1902 
Feb., 1907 
1909 
Mar., 1907 
Mar. 27, 1918 
Oct., 1911 
Mar. 27, 1913 
Mar.. 1908 
Sept., 1896 
Mar., 1908 
Apr, 26, 1910 
Aug. 28, 1901 
28, 1902 


Number 


years observed. Authority, 


(1907-12) 
(1898-18) 
(1898-13) 
(1910-11) 
(1897-05) 


(1898-1913) 
(1898-18) 
(1900-05) 
(1895-99) 
(1906-12) 
(1898-08) 
(1901-04) 


(22) 
(6) 
(1) 
(9) 
(9) 


(18) 
(4) 
(6) 

(22) 

(17) 

(22) 

(10) 

(16) 
(%) 
(8) 


(4) 


(15) 


656 
50.82 
8.69 
380 
880 
378 65.34 
69.15 
840 40.21 
835 15.64 
318 40.88 
27.76 
290 24.50 
279 43.87 
20.81 
24.98 
266 20.41 
260 41.65 
256 
7.08 
246 87.40 
240 18.65 
64.39 
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Continued.) 


Stream and locality. 


San Gabriel River, 
near Azusa, 
Sapella River, 
near Los Alamos, N. M.. 
Arroyo Seco, 
near Soledad, 
N. Branch French Creek, 
at Kimmeytown, Pa..... 
Catskill Creek. 
at 8. Cairo, N. ¥ 
Santa Ynez River, 
Santa 
cn 
Fishkill Creek, 
Glenham, 
Tallulah River, 
at Tallulah Falls, Ga.. 
Santa Ana River. 
near Mentone, Cal 
E. Branch Fish Creek. 
at Taberg, N. Y 
Kinzua Creek, 
Dewdrop, Pa.......... 
Ramapo River, 
Pompton, 
Rio Mora, 
below Mora, 
Turtle Creek, 
at East Pittsburgh, Pa... 
Oriskany Creek, 
at Oriskany, N. Y 
Devil's Creek, 
near Viele, la 
Santa Ysabel Creek, 
near Escondido, Cal 
Laurel Hill Creek 
at Confluence, Pa....... 
Rockaway River, 
Boonton, 
Lewistown Reservoir. 
Outlet, Ohio..... 
Onondaga Creek, 
at Syracuse. N. Y 
E. Branch Fish Creek, 
at Point Rock, N. Y 
Little Stony Creek 
near Lodoga. Cal 
Wanaque River, 
at Pompton, N. J 
Putah Creek, 
near Guenoc, Cal. 
Butte Creek, 
near Butte Valley, Cal.. 
Reservoir Outlet, 
W. Fork Carson River, 
at Woodfords, Cal 
uannock River, 
Macopin, 


Drainage area, 
square miles. 


in cubic feet per 


second per square mile. 


Maximum discharge, 


Date of flood, 


Jan., 1910 
Sept. 29, 1904 
Mar., 1911 
Jan., 1911 
Spring, 1901 
Jan., 1907 


Mar. 1902 
29. 
Apr.. 1908 
Mar. 27, 1913 
Mar., 1910 
22, 1882 
Sept. 29, 1904 
Mar., 1904 
Dec. 16, 1901 
June 10, 1905 
Jan., 1909 
Mar., 1907 
Oct. 10, 1908 
Mar. 25, 1913 
Mar, 25, 1913 
Fall, 1897 
Feb., 1909 
Oct. 10, 1910 
Mar., 1904 
Jan., 1909 
Mar. 25, 1913 
May, 1906 
Oct. 10, 1903 


Sept. 


Number 
years observed. 


(1894-12) 


2 (1910-11) 


1911-12 


(1900-01) 


4; (1904-05) 


(1902-12) 
(1910-11) 


Indefinite. 
(1898-04) 


(1906-12) 
(1905-11) 


Indefinite, 
Indefinite. 
Indefinite, 
(1908-12) 
Indefinite. 
3 (1904-06) 
(1905-10) 
Indefinite. 
12 (1900-11) 
Indefinite. 


Authority. 


(6) 
(2) 
(6) 
(22) 


Mr. 
Kuichling. 


657 
221 
215 61.86 
212 48.85 
40.63 (16) 
26.97 (6) 
169 65.09 (87) 
19.94 (22) 
160 65.88 (24) 
146 (26) 
111 (88) 
(27) 
102 (8) 
101 (24) 
198.90 (8) 
22.47 
(88) 
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TABLE 37.—(Continued.) 


Stream and locality. 


N. Fork Cottonwood Creek, 

at Ono, 
Kosk Creek 

near Henderson, Cal..... 
Six Mile Creek 

Elkhorn Creek. 

Keystone, 
Basic Creek, 
wan 

Vhippany River. 

Whippany, 
Bear Grass Creek, 

at Louisville, Ky......... 
River, 

near Bridgeport, 
Pina! Creek, 

at Globe, Ariz........... 
Cane Creek, 

Bakersville, C..... 
Willow Creek, 

near Heppner, Ore...... 
Goodyear Creek, 

at year Bar, Cal.... 
Mill Brook, 

at Sherburne, N. Y...... 
Camp Branch, 

Ensley, Ala........... 
Mill Brook, 

Sherburne, Y...... 
Reel’s Creek, 

near Deerfield, N. Y..... 
Venison Branch, 

near Mulga, Ala........ 
Estanzuela River, 

near Monterey, Mex..... 
Starch Factory Creek, 

near New Hartford, N.Y. 
Rio Grande, 

near Culebra, 
Cherryvale Creek, 

Cherryvale, Kans..... 
Budlong Creek 

near Utica, 
Beacon Brook, 
near Fishkill, Y...... 


Il. European STREAMs, 
Elbe River, 


at Altengamm, Germany 
Danube River, 


at Vienna, Austria.... 
Po River, 


at Torgau, Saxony...... 
Elbe River, 
Tetschen, Saxony.... 


Drainage area, 
square 


711 


in cubic feet per 


second per square mile. 


Maximum discharge, 


Date flood. 


Feb., 1909 
Apr., 1911 
June 21, 1905 
June 22, 1901 
Spring, 1901 
Feb. 1896 
Feb. 22, 1908 
July 29, 1905 
Aug. 17, 1904 
May 20, 1901 
June 14, 1908 
Jan, 30, 1911 
Sept. 1905 
June, 1909 
Sept. 1905 
June 21, 1908 
June, 1909 
Aug. 28, 1909 
July 11, 1905 
May 25, 1911 
Mar. 25, 1904 
July 14, 1897 


July and 
August, 1897 


Number of 


years observed. 


(1907-12) 
(1910-11) 
Indefinite. 
Indefinite. 
Indefinite. 
Indefinite. 
Indefinite. 
Indefinite. 
Indefinite. 
Indefinite. 
(1909-10) 
Indefinite. 
(1901-04) 
2 (1908-10) 
Indefinite. 
3 (1903-05) 
Indefinite. 
Indefinite. 
Indefinite. 


Indefinite. 
Indefinite. 


Indefinite. 
Indefinite. 


Authority. 


Indefinite. 


658 
| 
(8) 
(8) 
46.0 
44.0 363.0 (34) 
157.0 (1) 
20.0 800. (19) 
(8) 
241.0 
(11) 
262.0 (1) 
4.42| (28) 
(11) 
825.0 
8.40) 151.6 (29) 
161.0 (82) 
980.0 (31) 
120.40 (2) 
200.00 
Ponte Lagosiuro, 
7.98 Sept., 1890 (50) 
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Stream and locality. 


Seine River, 
at Paris, France......... 
Weser River, 
Baden, Germany... 


Moldau River 
at Prague, Austria. 
Main River, l 
Frankfurt, Ger- 
Moselle River, 


Trier, Germany....... 
Weser River, 
at Hoya, Germany...... 
Loire River, 
with the 
Allier, 
Weser River, 
Hameln, 
Aller River, 
Westen, Germany.... 
Weser River, 
below the Diemel at 
Karishafen, Germany. 
Durance River, 
at Bonpas, France..... 
Glommen River, 
Elverum, Norway.... 
Allier River, 
junction with the 
Loire, 
Aller River, 
below junction with the 
Leine River, Germany. 
Little Elbe River, 
Brandeis, 
Weser River, 
above the Diemel at 
Karishafen, Germany. 
Segura River, 
Eastern 
Durance River, 
Mirabeau, 
Allier River, 
Nevers, France....... 
Vistula River. 
Cracow, 
Ems River, 
below Meppen,Germany. 
Mur River, 
at Graz, Austria......... 
Aller River, 
above junction with the 
Leine River, Germany. 
Fulda River, - 
Germany... 
Fulda River, 
at Kassel, Germany..... 
Rhine River, 
at entrance to Lake Con- 
stance, Switzerland... 


Drainage area, 
square 


859 


640 


404 
570 


200 
615 


945 
881 


730 
714 


650 


548 


302 
052 


050 
830 
583 
500 
180 
950 


Maximum discharge, 
feet per 
per square 


| secon 


| 


5.24 
11.10 
10.08 

9.85) 


12.30 


26.44 
15.01) 
10.51 
15.71 
87.04 


Date of flood. 


28, 1910 
Jan., 1841 
Mar., 1881 
Sept., 1890 
Jan,, 1342 
Mar, 31, 1845 

27, 1882 


Jan., 1841 


—, 1846 
Jan,, 1841 


1841 
1848 


18, 1841 
Jan, 18, 1841 


Number of 


years observed. Authority. 
Indefinite, (51) 
Indefinite. } at 
Indefinite. (41) 
Indefinite. (50) 
570 (52) 
Indefinite. 
Indefinite. (41) 
Indefinite. (62) 
Indefinite. (41) 
Indefinite. (41) 
Indefinite. (41) 
7 (1882-88) (44) 
Indefinite. 
(60) 
Indefinite. (62) 
Indefinite. (41) 
Indefinite. (50) 
Indefinite. (41) 
Indefinite. (22) 
Indefinite. (61) 
Indefinite. (22) 
Indefinite. (55) 
Indefinite. (41) 
Indefinite. (55) 
Indefinite. (41) 
Indefinite. (41) 
Indefinite. (41) 
Indefinite. (55) 


Mr. 
Kuichling 


5.04 Sept., 1890 
16.44 Jan., 1841 
11, 1886 
Dec., 1880 
686 
600 


DISCUSSION FLOOD FLOWS 


TABLE 


Mr. 


rge, 


Number 
Date flood. observed. 


Stream and locality. Authority, 


Drainage area, in 
square miles. 
in cubic feet 


Maximum discha 
second per square mile. 


July 26, 1903 Indefinite. 


Leine River, 
above junction with the 
Aller River, Germany. 
Hanover, Germany. 1808 Indefinite, 
Ems River. 
at St. Maurice, Swit- sone 
zerland . Indefinite. 
Glatzer Neisse River, 
at junction with 
Oder, Germany 
Bober River, 
Sagan, Silesia. Ger- 
many.... July 1897 Indefinite. 
Oder River, 
at Sagan, Silesia. . July 31, 1897 Indefinite. 
Moselle River, 
at Toul, France.......... Oct. 23, 1880 Indefinite. 
San River, 
Galicia, Austria 2 . —,, 1867 Indefinite. 
Eder River, 
at junction with the 
Fuida, Germany 1841 Indefinite. 
Hase River, 
Meppen, Germany.... Dec., 1880 Indefinite. 
Verdon 
junction with the Du- 
rance, France. Nov. 1848 Indefinite. 
Glatzer Neisse River, 
Silesia, Germany Indefinite. 
River, 
junction with 
Eder River, 
at Felsberg, Germany.. 5 Indefinite. 
Dreimel River, 
at Karishafen, Germany. 3 & Nov., 1890 Indefinite. 
Werre River, a Feb., 1799 Indefinite. 
at mouth, Germany.. 2.18 Nov., 1890 Indefinite. 
Eder River, 
Buech River, 
junction with the 
Durance, France Nov. Indefinite. 
Schwaim River, 
with 
Eder, Germany 
Innerste River, 
mouth, Germany... 
Bober River, 
near Mauer, Silesia...... 
Pegnitz River. 
at Nuremberg, Germany. 
Orne River, 
at Caen. France......... 
Oker River, 
near Braunschweig, 


Jan., 1841 
Mar., 188) 


—,1 
July, 1897 
Feb. 1909 


1880 


and 
12, 


Indefinite. 
Indefinite. 
Indefinite, 
Indefinite. 
Indefinite. 
Indefinite: 


Indefinite. 


660 
(41) 
(41) 
(41) 
(41) 
(44) 
(44) 
(46) 
(58) 
(41) 
(41) 
(61) 
(22) 
(68) 
‘(41 
ay 
(22) 
(61) 
41 
(59) 
|(56) and (52) 
(62) 
(41) 


DISCUSSION FLOOD FLOWS 


TABLE 37.—( Continued.) 


Mr. 
Kuichling. 


Stream and locality. years observed. 


feet per 
second per square mile. 


Drainage area, in 
square miles. 
discharge, 


Malapane River, 
at proposed dam site, 
Indefinite. 
Hotzenplotz River, 
at junction with the 
Oder, Germany........ 21, 1908 Indefinite. 
Ubaye River, 
at junction with the 
Durance, France 1848 Indefinite. 
Coulon River, 
at junction with the 
Durance, France 100.33} Nov. 1, 1843 Indefinite. 
Bleone River, 
at junction with the 
Durance, France...... Nov. Indefinite. 
Sill River, 
at Innsbruck, Austria... 9.68) ... Indefinite. 
Moselle River, 
Asse River, 
with the Du- 
rance, France.... 111.52 Indefinite. 
Wupper River mouth, 
Westphaljia, Germany... 90.0 Indefinite, 
Werre River, 
at Herford, Germany... 13.80 Indefinite. 
Wien River, 
Vienna, Austria....... 81.3 Mar. 23. 1883 
Ardeche River, 
Vans, France......... 1890 Indefinite. 
Bober River, 
Rohrlach, 160.1 July 30, 1897 Indefinite. 
Queis River, 
Lauban, Germany.... 161.2 July 30, 1897 Indefinite. 
Ardeche 
at Aubenas, France 694.41 Indefinite. 
Aupa River, 
near Slatina, Bohemia. . 73.46 Indefinite. 
Weisseritz River, 
Saxony, Germany....... 69.0 July 31, 1897 Indefinite. 
Bega River, 
near mouth, Germany... 15.20 Jan., 1881 Indefinite. 


24.4 —, 1909 Indefinite. 
Dreimel River, 
Marsberg, Germany.. 65.80 Nov., 1890 Indefinite. 
Wupper River, 
Barmen, Germany.... Nov. 24, 1890 Indefinite. 
Queis River, 262.7 Aug. 8, 1888 Indefinite. 
Marklissa, Germany 283.3 July 1897 Indefinite. 
Jaispitz Creek, 
Weirowitz, Austria... 81.0 Mar., 1888 Indefinite. 
Wupper River. 
at Dahlhausen, 


Greiffenberg, 
172.0 30, 1897 Indefinite. 
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(22) 
(44) 
(61) 
(61) 
(61) 
(44) 
(47) 
(61) 
(22) 
(41) 
(55) 
(48) 
(46) 
(63) 
(22) 
(48) 
(41) 
(48) 
(41) 
(46) 
(49) 
(46) 
(54) 
(48) 
(48) 


Mr. 
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Stream and locality, 


Wilga Creek, 

near Cracow, 
Holsterwitz Creek. 

at Gr. Olkowitz, Austria. 
Bargaglino Creek, 

at Genoa, Italy.......... 
Bargaglino Creek, 

at Genoa, Italy.......... 
Eyach River, 

Wurtem- 
Riv 

St. Gallen, 
Goldbach, 

at Arnoldsdorf, Ger- 

Queis River, 

near head, Germany. . 
Little Aupa River, 

near head, Germany..... 
Furens River, 

St. Etienne, France... 
Bargaglino Creek, 

above Genoa, Italy...... 
Eyach River, 

near Margarethausen, 

Wurtemberg........... 

Dabrowka Creek, 

pear Sambor, Austria... 
Eschbach, 

Remscheid, Germany. 
Alfeldbach, 
at dam site, Alsace...... 


published 1912. 
published in. 1911. 
published 1911. 
published 1907. 
published 1907. 


Drainage area, in 
square miles 


52.1 
85.6 
85.6 


30.0 


19.7 

12.34 

11.9 
9.65 
8.8 


7.84 
5.02 
1,74 
1.62 


(10) No. 279, 


in cubic feet per 


Maximum discharge, | 
second per square mile. | 


(12) 


(14) No. 230, 


(16) No. 197, 
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TABLE 


Date flood, 


Number 
years observe 


Mar., 1888 
Oct., 1892 
July 18, 1908 


June 1895 


July 21, 1903 
July 31, 1897 
1849 
Oct., 1892 


June 5, 1895 


Indefinite. (55) 
Indefinite (54) 
Indefinite. (52) 
Indefinite. 
Indefinite. (58) 
Indefinite., (44) 
Indefinite. 
Indefinite. (22) 
Indefinite. (64) 
(52) 
Indefinite. 
Indefinite. (55) 
Indefinite, 
Indefinite. (45) 


Rererences AMERICAN STREAMS. 


Water Supply Papers the United States Geological Survey, Wash- 


(1) Paper No, 162, published 1906. (2) No. 147, published 
1905. (3) No. 311, published 1912. (4) No. 305, published 1912. 
(5) No. 804, published 1912. (6) No. 300, published (7) No. 
299, published 1912. (8) No. 298, published (9) No. 281, 
published 1912. No. 262, 
published 1911. 260, 
published 1909. .(15) No. 198, 
published 1907. (17) No. 
(18) No. 156, published 1906. (19) No. 96, 
published 1904. (20) No. 92, published 1904. (21) No. 75, pub- 


662 
25.8 
485 
421 
478.0 
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lished 1903. Virginia Geol. Survey, Hydrography, 1906. 
(22) Pittsburgh Flood Com. Report, (23) Geol. Survey, 
Report for 1894. (24) Geol. Survey, Report for 1903. (25) 
Minnesota State Drainage Com. Report for 1912. (26) Water Supply 
Com. Pennsylvania, Report for 1908. (27) Report State 
Engineer (28) Report State Engineer for 1904. 
(29). Report.of State Engineer for 1905. (30) Report Reser- 
voirs Wyoming and Colorado, Washington, C., 1898. (31) 
actions, Am. E., 1905, LIV, 200. (32) Transactions, Am. 
Soc. E., Vol. 871. (33) Proceedings, Engineers’ Society 
Western Pennsylvania, Vol. (1907), pp. 306-418. (34) Engineering 
News, 1902; News, 1909, IT, (86) En- 
gineering News, 1913, (37) Engineering Record, 1918, 
899. (88) Record, 1913, (39) Engineering 
Record, 1913, pp. 444 and 592. (40) Metcalf, Am. Soe. C..E. 


(41) Die und Ems, Berlin, 1901, Vols. and (42) Hand- 
buch der Ing’ Wasserbau, Vol. Leipzig, (48) Handbuch 
der Ing’ Wasserbau, Vol. Léipzig, 1910. (44) Handbuch der 
asserbau, Vol.13, Leipzig, 1908, 189: (45) Talsperrenbau, 
Ziegler, 1911, Ztsch. Ver. Deutscher Ingenieure, 
Vol. (1906), Articles Prof. Intze. (47) fiir 
Vol. (1908). (48) Ingenieurwesen, Vol. (1899), 
(49) Zentralblatt der Bauverwaltung, 1889, 80. (50) Zentralblatt 
der Zentralblatt der Bauverwaltung, 1910, 
113. (52) Zentralblatt der Bauverwaltung, 1911, pp. and 180. (53) 
Deutsche Bauzeitung, (54) Landwirtschaftliche Jahr- 
Vol. 28, 1899. (55) Wochensch. Oester. Ing’r Arch. Ver- 
Arch. Vereines, 1911, 381. (57) Das Tiefbauwesen 
Frankfurt, 1903. (58) News, 1911, 683. (59) En- 
gineering News, 1918, 672. (60) Engineering II, 
583. (61) Annales des Ponts Chaussées, 1892, (62) 
Annales des Ponts Chaussées, 1897, Trim. (63) Annales .des 
Ponts Chaussées, 1904, Trim., 130. (64) Wegmann, Design 
Dams, Y., 1911, 65: 


Horton, Am. Soc. (by page 610, 
Mr. Fuller states that: 

“As far knows, the first suggestion the use the 
element time formula for flood flows was made Allen Hazen, 

not disputed that the idea the use the element time 
the discussion flood flows may have occurred Mr. Hazen in- 
dependently, but deference the late George Rafter, Am. 
the writer feels obliged deny that the idea originated 
with Mr. Hazen. This idea, its application floods and also 
other hydrological data, was suggested the writer least early 
1896, years before was suggested Mr. Fuller Mr. 
Hazen. 


Mr. 
Kuicbling. 
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was Mr. Rafter’s desire that the writer should prepare the data 
for paper the application the Theory Probability Flood 
Flows and other hydrological data, and the matter was discussed fre- 
quently and fully during the years 1896 1904, appeared that 
time, however, that stream flow data. were meager 
desirable defer the completion the studies. The writer continued 
the studies, occasion arose, using the ordinary law probability 
where the data were too meager permit plotting satisfactory 
special probability curve logarithmic paper. 

1896 the writer had prepared, Mr. Rafter’s request (by letter 
dated October 25th, 1896), analysis the rainfall and run-off 
the Upper Hudson Drainage Basin, which the probable average 
interval recurrence run-off less than the observed minimum 
was determined the Theory Probability. This and similar phe- 
nomena were analyzed the ordinary method through 
the use the so-called Gaussian Law Error.* 

was recognized that time that the Gaussian Law did not 
represent accurately the law frequency recurrence many hydro- 
logical events, and effort was made first find better general 
and deduce individual laws. For the latter, the 
plotting flood records logarithmic paper was tried, and proved 
promising that, between 1900 and 1908, many logarithmic probability 
curves were plotted the writer and corresponding formulas deduced, 
involving time element; and the methods and results have been 
applied extensively professional practice the writer for period 
several years. 

also applied the method analysis flood logarithmic 
special probability curves the determination maximum navigable 
stages, capacity waste-weirs, etc., connection with his work 
Resident Engineer Charge the Bureau Hydraulics the New 
York State Barge Canal. 

These results, after discussion with other engineers the Depart- 
ment and with the Advisory Board Consulting Engineers, were 
used basis the design work costing some millions dollars. 
this work the writer adopted 100 years most cases the average 
interval recurrence flood the magnitude made the basis 
design. For the determination relative frequencies floods 
different magnitudes small torrential drainage basins the Upper 
Mohawk River area, for which flood records were mostly wanting, the 
writer used basis comparison 1906 flood dis- 


Report State Engineer and Surveyor New York, 1896, 841 seq. 


letter dated August 1897, Mansfield Merriman, E., suggested 
the writer the use function the form for this purpose. 
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charge formulas which had previously, deduced for the Neshaminy, 
Tohickon and Perkiomen, follows: 


terval feet per second ‘per square mile. 
These formulas were based years’ records the streams, 
covering the period, They give the results shown Table 38. 
The writer also deduced the following general formula, applicable 
these and similar drainage basins: 


which drainage area, square miles; other notations ‘as 
Table 38. 
TABLE 38. 
Drainage INTERVAL, YEARS. 
miles. 1 | 10 25 | 50 | 100 


Cubic feet per second per square 


152 29.7 49.6 60.5 70.5 82 
29.4 55.0 71.0 85.5 104 
102.2 40.5 71.0 89.0 105.0 125 


view the foregoing considerations, the writer fails dis- 
cover wherein there any for claim originality for 
this method, far the use time element flood formulas 
concerned, set forth the paper. The writer does not claim 
any great breadth applicability for the general formula just given, 
but believes that factors other than area modify the flood discharge 
streams profoundly that better, wherever possible, derive 
individual formulas flood-frequency diagrams for each stream. 
Following this idea, deduced flood-frequency diagrams 1906-08, 
for use connection with the New York Barge Canal work, for the 
Mohawk, Hudson, Oswego, Seneca, and other streams. has deduced 
and used similar special probability curves and logarithmic formulas 
determine the law frequency recurrence various other hydro- 


Mr. 
Horton. 


| | | | 
| | 
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events, such minimum seasonal rainfall, duration periods 

without rain, relative probability floods different months the 
year, minimum run-off streams, required maintain 
constant supply from stream, rain, intensity of- various dura- 
tions, ete. 

Attention may properly called study, utilizing the 
same principles, which seems antedate Mr. Hazen’s suggestion 
1910, namely, the rain intensity diagram and formulas Bruyn- 
Kops, Am. Savannah, Ga.* 

noted that these were derived such manner include all 
floods exceeding given magnitude, and not merely the greatest single 
day’s flood each year. The writer’s usual method deriving 
formula for the frequency annual floods which will equal exceed 
given limit similar that described Part except 
that his analysis Mr. Fuller discards all floods less than the mean, 
and works from ratios. The writer utilizes all annual floods, both 
greater than and less than the mean, although sometimes neces- 
sary use different flood formula for floods low 
also prefers work directly from the original data rather than 
reducing the data the form ratios. 


Mr. Fuller says his general formula, given page 567. 


Tracing out the derivation this formula (given pages 576- 
580), appears that there defined the “average maximum 
flood,” and the meaning this term appears quite different 
from that first given. 

Assuming that Mr. Fuller’s formula represents the average magni- 
tude floods having average interval recurrence greater than 
may also said that the magnitude flood which 
will equalled exceeded some average interval greater than 
but that this interval unknown and cannot determined from his 
This illustrates the indefiniteness his formulas when 
applied the problem flood determination, the form which, 
from the writer’s experience, this problem usually occurs. 

Again, the case Tohickon Creek, Mr. Fuller apparently does 
not mean his formula for the average maximum flood that stream, 
least great as, other words, equal greater than 300 cu. 
ft. per once years, for his own the same data 
(Table Part shows that may expect flood equal exceed 


Transactions, Am. Soc. E., Vol. LX, 
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6300 cu. ft. per see. average only once about years, 


one-half often. 

reading the paper carefully, the writer the opinion that 
the author has failed. set forth clearly the meaning his own 
deductions. The writer’s understanding the matter follows, 
referring Table Part for Tohickon 

The average magnitude maximum floods having average inter- 
vals recurrence between and years 1.53 times the mean flood, 
300 cu. ft. per sec. 

The average magnitude floods having intervals recurrence 
between 2.50 and years 1.29 times the mean flood, 5310 cu. 
ft: per and on. 

The results the author’s general formula bear the same interpre- 
tation, except that probably approximately true, from the method 
analysis used, that the formula, represents approximately the 
average volume all floods having average interval recurrence 
greater than 7’, being here assumed that the formula correct for 
the particular stream question. 

What Mr. Fuller has really deduced not the average magnitude 
the floods having, for example, years 12.5 years average interval 
occurrence. Statistically speaking, there can only one magnitude 
the maximum flood having, for example, 12.5 years average 
interval recurrence. The appellation “average maximum flood” 
had long enough record, and were divide arbitrarily 
into 25-year periods, and were take the average the maximum 
floods each period, would get quantity having some semblance 
maximum average flood years interval, but the writer fails 
see any practical value such result, Furthermore, the result 
would very likely affected the mode dividing 
the record, which condemns the 

Take, for example, the 5-year Tohickon flood cu. ft. per 
sec. author does not mean may expect flood just 
the probable average interval recurrence flood just. this 
magnitude very much greater than once years. 

The writer cannot see that results the form the “average 
maximum flood” are much practical use, but, any one wants them, 
they are derived more easily and directly the method shown 
Table Part than the method used the author. 

addition, would seem that the method Table Part 
when properly applied, has several other decided advantages. 


simpler of, application, requiring three columns instead 
five. 
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2.—It gives directly the average interval flood 
equal greater than given magnitude. This factor great 
importance, and has direct application designing spillways, deter- 
mining high navigable stages waterways, etc. 

3.—It enables the average interval recurrence flood lying 
between any two given magnitudes readily determined. 

For example, from Table Part the average interval 
floods least 1.21 times the mean, ft. per sec., five years, 
Their probability is, therefore, 

The average interval floods least 1.45 times the mean, 
cu. ft. per sec., years. Their probability is, therefore, 


The probability flood between 968 and 958 cu. ft. 
8.33 

interval recurrence flood between 4968 and 5958 cu. ft. per 
sec., flood having average about 5460 cu. ft. per 
years. Now, Table Part and the formulas deduced 
the method there given, mean what the author says they do, would 
not expect floods this average magnitude occur intervals 
about 3.57 years, instead years, actual experience shows 
the case? This illustrates what fatal error 
the author’s method analysis. 


would appear that the relation between flood magnitude and 


quency, when expressed terms either “average maximum flood” 
“median flood,” not only very indefinite and difficult compre- 
hension, but apt very misleading, not indeed practically 
meaningless. does not directly convey the information which the 
engineer usually most desires, for example: spillway has capacity 
1000 cu. ft. per sec., how often average will its capacity 
exceeded 

Further, Tables and for Tohickon Creek, the author has 
arbitrarily excluded consideration all floods which did not ex- 
ceed the average yearly one 4117 cu. ft. per sec. has excluded 
thirteen floods and used eleven. ‘Instead following the rule “of 
making the best possible use all the available information”, has 
made direct use considerably more than half it. What the 
author was seeking was, may assumed, find the law defining 
the relation between the magnitude floods and their relative fre- 
recurrence. one were seeking determine the law 
velocity falling bodies, and had observations the time required 
for different weights, varying from fall through given 
heights, would hardly considered good method dis- 
card all observations weights less than 
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Mr. Fuller’s method working with ratios (Table 5), instead 
actual volumes, seems confusing and The data 
which the engineer has start with are actual flood volumes; what 
volume which will not equalled exceeded average oftener 
than once given interval, say, 100 years. 

had two drainage basins, and which were similar figures, 
with similar drainage systems, “stream nets” the: German hy- 
drologist calls them, and identical geology, soil, topography, slope. 
culture, and climate, but were larger than and Q,and 
were the true maximum 24-hour floods expected these streams 
average interval years, then the difference between and 
would the difference flood-yielding capacity due area 
alone. 

practice, however, often happens that one area much larger 
than another does not yield materially larger flood. the data 
such heterogeneous basins are plotted together terms area 
abscissas, appears the writer that the results will discordant 
render the conclusions drawn therefrom doubtful value. 

Here come squarely against the question the physical,. and 
not merely the statistical, aspects the question. The latter only 
are covered Mr. Fuller’s discussion. 

the climate the North Atlantic States local thunder storms 
nearly always produce maximum floods very small areas, though 
only broad general cyclonic storms produce floods the larger and 
medium large rivers, like the Hudson, the Susquehanna, and the Dela- 
Now, thunder storms: produce rains great intensity but 
short duration. Broad storms produce rains low intensity 
but long duration, that the relative flood intensity for different 
areas not wholly determined the relative times required for the 
water reach the stream, the physiographic con- 
ditions, but partly purely meteorological conditions. 

The paper contains valuable collection flood data. would 
have been easy include the dates the maximum floods, these 
would use engineers comparing simultaneous flood inten- 
sities different places. The writer cannot help feeling sense 
regret much labor has been expended analysis flood data 
along lines that not seem either the most scientific the 
most useful engineers. 

The ambition place the results one’s investigations the 
hands the Profession the earliest date laudable, indulged 
with moderation. The writer’s only excuse for withholding from 
results his own studies along similar lines for 
long time that thought better try the method out prae- 
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tice first, rather than run the chance punishing the Profession 

the publication that which might later prove premature. 
The writer happens have collected all the data contained Table 

13. Many the floods there listed have subsequently 


the premise that the magnitude flood due the combination 
unlimited number ‘of accidental causes, the probability the 
oecurrence flood exceeding given magnitude should follow the 
well-established laws probability deduced the theory errors 
observations. Under these laws the probability annual flood 
less than value, Q’, given the formula: 


and annual flood greater than 


The value given the formula 


where the number floods observed and the sum the 
squares the residuals the observed values with relation the 
average yearly flood. 

The reciprocal Equation will then represent the period 
years which, the long run, annual flood equalling exceeding 
may expected. 

The usual probability tables give the value 


tion can computed from the relation, 


The author, however, has’ taken the average value the annual 
floods equalling exceeding the given value his measure the 


t 1 


* Reports on Hydrography (by the writer), State. Engineer's Reports 1900,.1912 ; also 
April 12th, 
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expected flood, and not the flood magnitude which derived 


from Equation 
The mathematical expression for this average mean floods ex- 


obvious that this mean value greater than its 
inferior limit. 

Table shows the relation between the time, considered (or the 
reciprocal Equation 2), and the value (Equation 4). 


TABLE 39. 


} 


Taking the floods Tohickon given the author 
Table the computation the mathematical values ayerage maxi- 
mum flood, under the theory probabilities, shown 40. 

The probable average maximum floods, according the theory. 
probabilities, and the observed averages determined the author, 
are plotted Fig. 14. 
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= (Ave.) + ry eee (3) 
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Table and Fig. show the floods the Connecticut Rive? 
Hartford for years, beginning 1843. The observed 
mum floods shown the figure are computed Table 42. 

The floods the Allegheny River Kittanning for 41-year 
period are tabulated Mr. Knowles’ discussion, Table 35. The value 
derived from these data 2.03. The curve probable average 
maxima, the author’s curve, and the observed values, are plotted 
Fig. 16. 


TABLE 40. 


Ratio 
Annual flood, average. 


1901 


Average = 4 117 3B vu? = 2.7027 


very cursory examination the figures shows that, for individ- 
ual rivers, the observed average maxima differ widely, both from the 
author’s formula and from their theoretical values under the theory 
probability. This, indeed, not extraordinary. The highest 
the plotted observed figures ‘but single flood, and not average. 
The first few the succeeding observed are based very 
limited data, and may expected differ from their theoretical values 
the run. the Tohickon the extraordinarily 
large value the maximum observed flood has very great bearing 
the large values the next lower 

The application the law probability the maximum average 
floods, given the writer, intended merely side light the 
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TABLE 41.—YEARLY FRESHETS THE CONNECTICUT RIVER 


HARTFORD. 


gauge. 


Maximum 


a 


h = 2.27. 


6.6912 
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discussion, being excessively cumbersome for useful computation. 
appears the writer, however, that the application the theory 
streams with long records shows that the formula the author will 

often give far too high values the flood expected such long 

period 1000 years—which another term for saying ever 

Thus, the Connecticut River Hartford, the author’s formula 


Time, in Years. 


Ratio Average Yearly Flood 


16. 


shows that flood 3.4 times the average, about 380000 cu. ft. 
per sec., expected period 1000 years. Dropping the 
somewhat cumbersome average maxima, the theory probabilities in- 
dicates that the chance flood twice the average, cu. ft. 
per sec., but one 1000. Would engineer justified con- 
structing works care for more than, say, 250 000 cu. ft. per 
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TABLE 42. 


Summation 


No. flood. Ratio average. Summation. 
No. 


Time, 


and since this paper was written, unusually large number dis- 
astrous floods have occurred. natural that the effect these great 
floods the frequency relation should and that questions 
should raised the applicability the proposed relations 
the rivers which these floods occurred. Several who have discussed 
the paper have suggested the establishment different frequency re- 
lations for individual streams for groups streams. 

The writer, presenting the paper, stated that the formulas pro- 
posed were intended serve “as framework which arrange 
the data orderly manner, that they can better understood 
and more readily used.” With this object view, formulas were de- 
rived which expressed the average frequency relation for the floods 
which have occurred many rivers widely distributed over the coun- 
try. Tables were presented giving values the coefficient, ob- 
tained from the average yearly flood for such rivers had been ob- 
served sufficient number years give approximate idea 
the size this average. these tables were also included other val- 
ues obtained reducing the larger floods the use the 
proposed formula. These latter values indicate how the actual 
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floods which have occurred the rivers have agreed with the pro- 
posed formula. The close agreement, for most the rivers, these 
two sets coefficients indicates that the relation general one. 
During the course the study which the paper was based, plottings 
were made for many individual streams and for groups streams 
different sections the country. The effect the few larger floods 
the plottings for individual streams was great that the writer 
concluded that the relation indicated them was less accurate than 
the average relation. Plottings for different sections the country 
varied some extent. streams partly arid sections are excluded, 
the variation the coefficient log. the formula from 0.7 
the extreme cases the number streams and the length the 
records were too short furnish proof sufficiently strong justify any 
change from the general relation. That different frequency relations 
exist for individual streams and for different sections the country 
probable, and, more data become available, such relations may 
established. 

Great floods which have occurred the streams Ohio since the 
paper was written indicate either that this section the country 
great floods occur more frequently than other sections, that these 
floods were very extraordinary ones. unfortunate that few 
data are available for floods the rivers Ohio, Indiana, Illinois, 
and, fact, the streams all the States along the Mississippi Valley. 
Floods streams adjoining sections indicate that the relation 
similar the average one the paper. The floods 1913 
Ohio were caused rainfall extraordinary intensity, considering 
the large area covered, occurring under conditions favorable for great 
floods. That these conditions were extraordinary certain, but 
whether such conditions occur more frequently this section than 
elsewhere only the future will show. 

Floods data are not yet available for all the 
great floods which occurred during 1913, records those some rivers 
Ohio and New York have been published. Among those particu- 
lar interest are the floods the Miami River Dayton, Ohio, the 
Scioto and Olentangy Rivers Columbus, Ohio, and the Hudson 
River Mechanicsville, The data for these rivers, revised 
include the records 1913, are given Table 43. 

The value given for the ratio between the flood 1913 and the 
average flood for the streams Columbus corresponds value 
equal about there are more than 400 records floods 
different -rivers for which the ratios the average flood are now 
available, the occasional occurrence such flood not surprising. 

For the Miami River Dayton, Mr. Morgan expresses the opinion 
that the coefficient, the writer’s formula should not exceed 50. 
this were the proper value for the 1913 flood the Miami 
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FLoop FLows, IN 
Catch- Period| Ratio 


max- 
station. square in aver- 
Average of| years.| age 
yearly. 


000 8.52 

entangy...... Columbus, Ohio..... 520 | 14 500 51 000 16 8.52 id 
Lower Scloto. .-|Columbus, Ohio..... 1 570 | 33.800 | 119 000 16 8.52 94 
ON a Dayton, Ohio........ 2 450 | 50 000* | 246 000* 21 4.92 90 


* Represents rate at maximum stage. 


The data for the floods Columbus are from the Report Flood for the 
City of Columbus” by John W. Alvord and C. B. Burdick, Members, Am. Soc. C. E 
The data for the maximum flood Dayton are from the discussion Arthur 
Morgan, Am. Soc. 
The data for the maximum flood on the Hudson are from Engineering Record, April 
} og on “Effect of Recent Floods on New York Streams” by R. E. Horton, M. Am. 


River would relatively very greatly excess any flood which 
have known other rivers. The data which base the value 
for the Miami are not very satisfactory. the papers the 
Geological Survey there are years, 1906 1909, inclusive, for which 
floods Dayton are recorded. average these four floods would 
indicate value about 86. The best indication the average 
flood Dayton that deduced from the gauge heights the 
Weather Bureau, which are available for years. the rating curve 
for large floods indefinite, seems best obtain the average flood 
means the median gauge height during this period. This has 
been 11.9, corresponding flood about cu. ft. per sec., ac- 
cording the rating the Geological Survey 1906. During 
the last years the median gauge height has been 13.25, which cor- 
responds flood about 000 cu. ft. per sec. From other rivers 
has been found that the median flood usually less than the average 
about per cent. this basis the average yearly flood the 
Miami Dayton, the 24-hour basis, under present conditions, 
probably least and the value least 90. The corre- 
sponding maximum rate flow would 000 cu. ft. per sec., more. 

During the past years many changes have been made the 
channel the Miami, such encroachment the river channel 
cities, and the construction bridges with long approaches solid 
embankment, which greatly reduce the waterway. seems probable 
that the coefficient for the Miami River the present time 
different from what was number years ago. Mr. Morgan thinks 
that the Miami should have comparatively low coefficient flow 
account the comparatively small average slope the water-shed. 
Steep slopes the upper branches with smaller slopes the main 
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river and lower branches are conditions which may produce larger 
floods than uniform steep slopes. comparison the coefficients for 
different rivers the same general character fails indicate any 
great effect from the average slope river. The writer suggests 
that the relation between the slopes different parts the river 
and its branches greater importance determining the flood- 
producing capacity than the average slope. 

The maximum flood the Miami 1913 may have been very dif- 
ferent magnitude from the flood which would have occurred the 
channel had been unobstructed. The large number embankments 
thrown across the valley, with inadequate waterways, provided temporary 
storage which tended retard the earlier run-off until the branch 
streams poured their maximum flood flows. The subsequent failure 
these embankments releasing the stored waters, probably increased 
the flood materially. 

Taking these matters into consideration, together with the great 
uncertainty gauging such flood, seems probable that the recorded 
flood flow may have been considerably excess the flood which 
would have come under natural conditions. the whole, the writer 
believes that the Miami flood 1913 was not greater than five times 
the average yearly flood under present conditions, and that may 
have been much less. all events, the flood was very exceptional 
one, and must given careful consideration determining the prob- 
able floods our rivers, particularly those the central part the 
country. 

The flood the Hudson River 1913 interesting one, from 
the standpoint what may happen other rivers. The maximum 
flood the Hudson, for which records for many years are available, 
was, previous this year, much less than what would normally 
expected the basis its average flood. The flood 1913, however, 
not only reached the normal maximum flood for the period record, 
but exceeded considerable quantity. There are many other 
rivers which the maximum recorded flood much less than the flood 
indicated the average relation. That much greater floods will oc- 
cur some these rivers within comparatively short period seems 
assured. instance, the greatest flood record the Ohio 
Wheeling and Pittsburgh equivalent flood which may nor- 
mally expected period not more than years. flood 
the relative size that the Hudson occurs the Ohio, will 
mean flood more than 600000 cu. ft. per sec. Pittsburgh, 
flood from ft. higher than the highest now record. 

Reliability Frequency Relation Established from Records 
One Stream.—Messrs. Knowles, Horton, and Pillsbury give frequency 
relations for individual streams, which differ from the average relation 
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Mr. proposed the writer. show how unreliable such relations may 

be, Figs. and are presented, which show how greatly one two 
the larger floods affect the relation, even when derived from the 
longest records available for any stream. 


1.00 2.00 


«Without 1913 


HUDSON RIVER 
With 1913 Flood 
Without 1913 Flood 


2.00 
Ratio Flood Average Yearly Flood. 
Fic. 17. 


Fig. two curves illustrate the effect single great flood. 
The flood 1913 the Hudson the greatest which have rec- 
ord. The effect this flood sufficient change the data that 
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the indications are just the reverse what they were before the flood 
occurred. other words, prior 1913, the Hudson River records 
indicated that great. floods occurred less frequently than the aver- 
age river. including this flood the data, the indications are that 
such floods occur with greater frequency. 

Mr. Pillsbury contributes data for floods the Connecticut 
River for years, and Fig. shows frequency relation based 
these data. Fig. shows what the effect would two the 
floods (which were actually about 1.5 times the average) had been 
somewhat greater. With this slight change the curves would prac- 
tically identical with the curves for eastern rivers, shown Fig. 
other words, the data for the Connecticut indicate difference 
frequency relation from the average all eastern rivers only 
that two floods are smaller than the normal. any two the seven 
eight largest floods had happened greater from 40%, 
the relation would have agreed with the general one. That such floods 
will the Connecticut, and that, another 70-year period, the 
data may indicate relation equal exceeding the normal one, 
probable. There are continuous records for any streams America 
length greater than that the Connecticut, and the writer sub- 
mits that curves, based single records like those given the dis- 
cussions, not justify any change the relation from the average, 
unless other evidence produced. 

Comparison Proposed Formula with Kuichling 
suggests new formula, for use the South States, similar 
form his other well-known formulas. This and other formulas 
derived similar way give relatively higher values for small streams 
than the writer’s formula. There essential difference the mean- 
ing these formulas which should understood. The 
formula gives the flood which will probably occur the particular 
stream question given interval time. Mr. Kuichling’s and 
other formulas, derived plotting the maximum floods which have 
streams different sizes, give the greatest flood which 
has occurred any the large number streams the varied inter- 
vals covered the several records. 

there are many more small streams than large ones, obvious 
that there are more chances obtaining extraordinary flood 
some one the many small streams than there are obtaining 
similar flood one the few large ones. 

illustration, take Mr. Kuichling’s formula for the rivers 
the South States, which states 


“based the greatest observed discharges the Potomac River 
Point Rocks, Md., the New River Radford, Va., the Catawba 
River Rock Hill, C., the Little Tennessee River Judson, C., 
Cane Creek Bakersville, and numerous other streams which 


Mr. 
Fuller. 


Mr. 
Fuller, 


682 DISCUSSION FLOOD FLOWS 


exhibit somewhat smaller rates discharge than the preceding. This 
new formula 


cubic feet per second per square mile, and may regarded ap- 
plicable mountainous and hilly water-sheds having areas not 
more than 000 sq. miles, the portion the country indicated.” 


There are probably fully 1000 streams similar size that 
Cane Creek for each one the size the Potomac. then 
expected that there will many times many chances obtaining 
single great flood some one stream like Cane Creek there will 
obtaining flood relatively great stream like the Potomac. 

The formulas thus derived have unbalanced element which must 
taken into account. Mr. Kuichling has allowed for this some 
extent, his formula gives values much less than the recorded flood 
Cane Creek, but the writer believes that the value given the 
formula still relatively too high. 

The recorded sizes floods, streams like Cane Creek, Devil’s 
Creek, and others which are greatly excess any well-verified flood 
discharges, are doubtful value. study the methods used 
gauging such floods shows that the measurements are obtained from 
slopes and sections taken after the flood. Little known the con- 
ditions which existed during the flood, and the apparent slope often 
error. High-water marks may have been caused the backing 
the water obstructions which afterward passed under the 
flood pressures. The failure structures may have caused great dis- 
charges for short interval, which would not have occurred the ob- 
structions had not existed. The effect the rate flow stream 
due the carrying great quantities débris which catch fences, 
trees, and other obstacles causing eddies and reducing the channel area, 
not known. one may judge from experience with obstructions 
pipes, this effect must large. The effect washing away the banks, 
the failure bridges and dams, and other matters which occur 
during such disastrous floods, but little known. Flood discharges 
obtained such methods are often not even approximately correct, 
and too much dependence should not placed them. 

may well state here that, comparing the writer’s formulas 
with others, the formula, (max.) 0.8 log. 


rate flow given the other formulas. 

Selecting Value for selection the proper value 
important the use the proposed formula. Before its selection, 
study the flood data the stream question and other 
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streams similar nature the vicinity should made. This study 
should just complete and thorough would any other 
method determining the maximum flood were used. The use 
the average flood facilitates the determination where means are 
hand determine it. The values Column of. Tables 
26, inclusive, were obtained from published records. These ‘values 
are useful for comparison, but should understood that the 
accuracy the measurements the floods from which they were 
obtained should verified before use made them. any event, 
coefficients are directly applicable only the point where the measure- 
ments were made, other places where the conditions are similar. 

Before selecting value for from the average flood, any changes 
the river itself its catchment area which would affect the 
value should studied. Additional storage, congestion the channel, 
and other matters may change the flood-producing capacity stream, 
and value taken from past floods may not always apply 
present conditions. 

For rivers which only short-term records are available, the 
average flood may much error. order ascertain the probable 
accuracy the average flood, obtained from records different 
lengths, study has been made the the averages 
obtained from shorter records those rivers where long records are 
available. this study, use was made the probability paper devised 
Mr. Allen Hazen, and the general method followed was similar 
that used Mr. Hazen paper recently presented the Society.* 
Details this method will not necessary, and only brief discus- 
sion the method will given. 

For use the study, records years more were utilized. 
was assumed that the average the total records the true 
average. The long records were then divided into number shorter 
records, and the average flood, indicated these shorter records, 
was obtained. The ratio these average floods the assumed true 
average flood was found. The ratios thus obtained from all the records 
different rivers were combined, the assumption that the chances 
for errors all streams were equal. Plottings were then made 
these ratios probability paper, shown Fig. 19. From these 
plottings Table was prepared, the errors, for 20- and 25-year records 
being found extending the curve plotted for 5-, 10-, and 15-year 
records. 

cases where the value the coefficient, below that 
other streams the vicinity, where other evidence hand 
indicate that the coefficient, too low, increase the value 
least the probable error would justified. further increase 


“Storage Provided Impounding Reservoirs for Municipal Water Supply,” 
Proceedings, Am. Soc. C. E., November, 1913. 
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provide factor safety depends largely the importance 
the works under consideration, and how great factor safety 
has otherwise been provided for the the value 


TABLE 44. 


are the true aver- true average will ex- 

age will exceed the average| ceed the average obtained 
obtained the record by| from the record the per- 
the percentage given below.| centage given below. 


11% 
15 5.5 10 
4.0 


Selection the Value T.—In the paper the writer has given 
his views the method selecting the value wishes, how- 
ever, call attention the necessity using large value for all 
important work. The use large value much the same 
the use factor safety other engineering works. should 
build structures thousand different rivers, using value 
equal 1000, should the expectation that each 
years some five these structures would called stand flood 
excess that provided for. For large and important structures, 
the failure which would disastrous, larger value than 1000 
should used. Where the cost not prohibitive, providing for floods 
from five times the average yearly flood does not seem 
unreasonable for such works. 

Mr. Morgan suggests that during some years storms occur which 
cause great floods many different rivers, and that this may influence 
the frequency relation. Undoubtedly more great floods occur some 
years than others. the study were based floods streams 
similar size one section the country, the effect these periodic 
storms might great. The writer does not believe that the effect 
such periodic storms has materially influenced the proposed gen- 
eral frequency relation, for the following reasons: deriving the 
relation, streams greatly different size are utilized. Great floods 
small streams are due very heavy local storms which not neces- 
sarily affect the largest rivers. The streams considered are widely 
distributed. During each year, some streams, floods occur greater 
than any previously recorded. Some the records used estab- 
lishing the relation back from 100 years, and the records 
are pretty well distributed over the last years. The ten greatest 
relative floods, given Table occurred eight different years. 
difference frequency between streams with long and with short 
records. 
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Mr. Morgan states: 

“On large water-sheds 10000 sq. miles more, excessive rain- 
fall one part the water-shed usually balanced lack rain- 
fall another part, and the ratio between the average annual flood 
and the maximum possible flood must less than for small areas.” 

The writer does not agree with Mr. Morgan this statement. 
The difference the average intensity rainfall over catchment 
areas different sizes occurs yearly well during longer periods, 
and does not necessarily affect the frequency relation. 

the frequency relation greater for small than for large rivers. 
will also noted that Table both large and small streams are 
included. Mr. Morgan cites, support his statement, that the 
large alluvial rivers along the lower Mississippi, the Red River and 
the Arkansas River, show indications deposits from previous 
great floods, though small rivers elsewhere show such deposits. 
Mr. Morgan apparently overlooks the fact that the construction 
the levee system, which has confined the floods these rivers, and 
prevented much the great overflow temporary storage which 
formerly occurred, has increased the stages during recent floods. Still 
higher stages will occur these rivers, the levees are built higher, 
until such times the levees are high enough care for all floods 
which The existence gravel deposits other rivers indicates 
past floods much greater magnitiide than any which have been 
recorded. Such deposits, however, may found both large and 
small streams. Mr. Morgan cites the floods Devil’s Creek and 
small streams Ohio indicating. extremely large relative floods 
small rivers. For such streams there are few data the 
average flood, and, the writer’s opinion, the recorded measurements 
the maximum flood are not sufficiently reliable used for such 
comparison. The writer believes that the flood the Miami Day- 
ton—a river considerable size—is one the greatest relative floods 
which has occurred recent years. 

Mr. Morgan uses the term “maximum possible flood” applying 
the flood given the writer’s formula. This formula gives 
limit the maximum possible flood, but gives the probable flood. 
Mr. Morgan calls attention the limited number years represented 
the table great floods foreign streams. This does not affect 
the formula, these data were not utilized its derivation. 

Mr. Morgan states: 

“It might-be better estimate the maximum possible flood 
what might called the rational method, that is, determining 
from the basis experience and the maximum rainfall expected, 
the relation rainfall run-off under the conditions which would 
exist assumed case, considering the elements topography. 
shape the drainage basin, direction storms, season the year, etc.” 
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There quite much uncertainty probable maximum rainfall 
probable flood flow. There is, addition, great uncertainty 
the percentage run-off expected different: rivers, and 
under different conditions. know but little the effect topog- 
raphy, direction storm, shape catchment area, and other factors. 
the writer there seems much less chance for error selecting 
the value from the average yearly flood, study the 
values for other rivers, than estimating values for these many 
unknown quantities. 

Many the important points brought out Mr. Morgan’s inter- 
esting and instructive contribution have been covered the writer’s 
general discussion, and need further comment. 

Mr. Hinckley’s interesting remarks, made 1911, indicate clearly 
how engineers have looked the probability the occurrence 
floods. His rainfall data are interesting. The application prob- 
ability methods for obtaining the probable rainfall would undoubtedly 
give much valuable information. 

Mr. Chandler presents some valuable data for the flow the Red 
River the North and its branches, and draws some interesting con- 
clusions the frequency relation streams that section. 
says that the conditions the Red River Valley are similar those 
partly arid region, that the writer’s average relation does 
not hold. Although the data available are not sufficient con- 
clusive, Mr. Chandler’s suggested frequency relation gives indica- 
tion how much higher may such sections. The size 
the average flood for such rivers governed largely the number 
dry years the period. occurs the writer that determining 
the average flood, the exclusion from the record all years dry 
that real flood occurs, may have merits, thus giving average 
the real floods basis comparison. this basis the relation 
may expected more like that for other sections. 

The writer notes that Mr. Chandler very properly uses the median 
flood method his study. This method better for plotting short 
the few largest floods not affect the plotting the other 
floods the same extent the average maximum flood method, 
and its use closer approximation the true curve obtained. 

Mr. Hazen points out clearly the uses and limitations the pro- 
posed formulas. The map the country (Fig. most useful, 
indicates the data available for different sections the country and 
also shows the variation the value for rivers the same section. 
study the conditions will most cases account for such variations. 
For instance, Maine, where the coefficients vary from 110, 
will found that the low coefficients are for small streams drain- 
ing extensive systems lakes which control largely the floods, and 
the large values are for streams which there little storege. 
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interesting study the effect this storage the river system. 
For the upper branches, the effect great, but, the streams join 
form the larger rivers, the effect decreases rapidly until, near the 
mouth the river, the coefficients are some cases several times 
great for the upper branches. The study streams that State, 
where there are such extensive lake systems, most illuminating 
regard storage for flood protection. 

Mr. Hazen states, probability paper might have been utilized 
the study flood frequency. During the study for this paper the 
normal probability curve was tried, but was found that the data 
did not fit closely the logarithmic curve adopted. The use 
probability paper, which provides ready means drawing curves 
varying somewhat from the normal law, allows this method used. 
Practically, however, such curve would give results identical with 
the formula, within the limits the data, and extension the 
curve would indicate ratio 4.0 for 10000, compared with 
4.2 the formula. Such differences are little moment, and data 
are available indicate which the more nearly correct. 

The method plotting gauge heights probability paper, sug- 
gested Mr. Hazen, should prove useful. The writer has plotted 
records the gauge heights for many stations along the Mississippi 
and its branches. Although these plottings are not all cases 
close straight line the one for Cincinnati, they all approximate 
such line. Within such limitations may applied one having 
thorough knowledge the river, both changed conditions affect- 
ing the stages and the storage and increased channel capacity 
which occur higher stages, this method seems applicable many 
rivers. 

Mr. Hazen’s suggestion regard determining coefficients 
variation, index how closely the stream follows the average 
law frequency, interesting. may that thorough study 
the regularity flow throughout the year, and other characteristics 
the stream, would enable the effect some factors flood fre- 
quency ascertained. 

Mr. Knowles, citing record single stream indication 
variation from the average, warns against the general use the 
average relation. The writer pointed out the paper, and has further 
stated this discussion, that thorough study all local conditions 
should made before using the formula, but must repeat that, 
his opinion, the data single stream are entirely inadequate 
for establishing frequency relation. could shown plotting 
similar Fig. that the data for the Allegheny River Kittanning 
really differ but slightly from the average relation. Mr. Knowles’ ex- 
tension the existing record 41-year record, estimating the 
flood Kittanning from the gauge height other points the river 
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doubtful accuracy. examination Figs. and will show 
that the actual floods which Mr. Knowles plotted order obtain the 
eurves showing the relation between the gauge heights Kittanning 
and those Freeport and Parker differ, some instances, from 
100% from the curves. these actual floods not agree more 
closely with the curves, obvious that similar errors probably exist 
the floods obtained this way and included the record. the 
effect the few large floods important, clear that record 
obtained such methods should not used discussing 

Mr. Bellamy’s discussion interesting, and gives much valuable 
information flood flows Australia. The large variation 
floods for the different rivers expected large 
and with such widely varying conditions. Mr. Bellamy states, 
comparison such rivers, with the limited data available, very un- 
satisfactory. much the same comparing rivers the American 
coast, where the coefficients are many cases greater than 100, with 
rivers the Missouri River Basin the Great Basin, where the 
coefficients are many cases less than 10. 

Mr. Kuichling has supplied tabulated data relating great floods 
which have occurred both foreign and American rivers, and these, 
taken connection with those previously presented him, give 
far the most complete record maximum flood flows available. The 
data from which this information was prepared are widely scattered. 
many cases, particularly for foreign streams, the original data 
are such state that most careful study them required before 
they can used. The collection and analysis this large mass data 
should appreciated all who are interested the flood problem. 

Mr. Kuichling brings out clearly many important aspects regard 
flood flows. Some these points have been taken the writer 
the preceding general discussion, and need further comment. 

Mr. Kuichling calls attention the wide variation the value 
for different rivers the same general section the country, 
and suggests that may better use single value for one 
section. Where coefficients are based long records, the writer be- 
lieves that the differences the values indicate different flood- 
producing capacities for the streams. many cases these differences 
may accounted for study the catchment area, slopes, 
storage capacity lakes, and rainfall conditions, Where records 
considerable length are not available, the writer agrees with Mr. 
Kuichling that much given the coefficients 
for other streams the section. correct, his interpretation 
Tables 26, inclusive, stating that the values Column 
were the ones intended for general use. The values Column are 
derived from the average flood, and take into account all the largest 
yearly floods the rivers; they are more accurate than those Col- 
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umn would have been better, suggests, have these Mr. 

and 
Mr. Kuichling calls attention the important work Iszkowski, 

and reduces his formula conditions for the United States. Although 

this formula very different form from the writer’s, may 

interest show how the results obtained from agree with those 

obtained from the writer’s formula, 


Under what may regarded similar conditions, Iszkowski’s 
formula differs from the writer’s the following percentages: for 
catchment area sq. miles, 21%; 100 sq. miles, 32%; 1000 
sq. miles, 2%; 10000 sq. miles, per cent. This comparison 
made the basis the values deduced Mr. Kuichling from 
Iszkowski’s formula for “hilly country, slightly permeable soil, and 
sparse vegetation” and use 100 and 100 the 
writer’s formula. 

The writer has plotted the largest the floods America, 
given Mr. the lower diagram Plate XI, and 
finds that with the exception three four extreme floods, such 
those Cane Creek and Devil’s Creek, the plottings agree with 
the curves representing the writer’s formula well the points 
previously plotted. 

Mr. Horton attention discussion the use prob- 
ability methods report made Mr. Rafter 1896. This dis- 
cussion interesting and instructive. That paper, however, en- 
tirely confined discussion rainfall and minimum run-off. The 
writer fails find any suggestion the use similar methods 
for flood flows. Until Mr. Horton called his attention 
it, the writer was not aware the existence this study. Mr. 
Horton further states that Mr. Rafter suggested him the use 
probability methods for determining the probable flood early 
1896 and that has used numerous occasions his profes- 
sional work. The writer had means knowing about any work 
which Mr. Horton had done this subject, and sees reason why 
should qualify the statement that the original suggestion came 
him from Mr. Hazen. 

Mr. Horton gives three different formulas from the data 
rivers near Philadelphia. also gives the following general 
formula for which states that 

“does not claim any great breadth applicability for the general 
formula, but believes that factors other than area modify 
the flood discharge streams profoundly better, wher- 


ever possible, derive individual formulas flood-frequency diagrams 
for each stream.” 


Mr. 
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This formula is: 


which the flow feet per second per square mile. 
put this formula the basis the writer’s, that is, give the 
total flood flow the stream, becomes necessary multiply 
that the formula becomes 


According this formula, the maximum floods expected are 
independent the catchment area. Surely formula which does not 
take into account the size the catchment area can have general 
application. 

During the early part the study for this paper, exponential 
formulas such those proposed Mr. Horton were tried. was 
found that though these gave curves closely following the data for 
short periods, for the longer records the exponential relation was less 
satisfactory than the logarithmic relation adopted. 

The writer deems unfortunate that, after seventeen more years 
consideration the use probability methods for the determina- 
tion flood flows, Mr. Horton should have confined his discussion 
largely criticizing details the writer’s methods, instead 
giving more regard his own studies. 

Mr. Horton states: 


“It would appear that the relation between flood magnitude and 
frequency, when expressed terms either ‘average maximum flood’ 
‘median not only very indefinite and difficult compre- 
hension, but apt very misleading, not indeed prac- 
tically meaningless. does not directly convey the information 
which the engineer usually most desires, for example: spillway 
has capacity 1000 cu. ft. per sec., how often average will 
its capacity exceeded 


regard this statement, the writer will eall attention the 
fact that the others who have discussed the paper have not found the 
proposed formula either indefinite misleading, but, the con- 
trary, have comprehended its true meaning. The writer, pages 
575-582, described three different methods which are applicable 
flood frequency Table the formulas representing these 
methods are stated, and values are given for the volume the flood 
indicated them different periods time. any one wishes 
know the volume the flood that will probably equalled 
exceeded period time, may using the formula: 
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given Table There are problems which useful 
know the volume this flood, but the writer believes that the most 
important question which the engineer desires answered is: What 
the probable flood for which design our structures? For this 
purpose surely not wish ascertain the smallest the maximum 
floods that likely occur the given interval, which only 
different way stating the “flood equalled exceeded.” 
example, suppose have record which includes ten periods, each 
years. Each these periods would have maximum flood 
different size. The flood equalled exceeded 20-year 
period would the smallest these. design works which would 
just provide for this flood would mean that all probability the 
design would prove inadequate within the period, because during nine 
out ten periods, greater floods would occur. 

The average the ten maximum floods which have occurred the 
several periods, given the writer’s formula, seems logical 
basis for design order provide for reasonable chance that the 
structure will survive the given interval. The median these floods, 
the one for which there one greater for each one less, represents 
the flood for which the chances are even that will occur the 
given period. The use this flood logical the use the 
average. The difference value between the two slight, and the 
writer, for the reasons stated the paper, prefers the average 

Mr. Horton, after giving method determining the “average 
interval recurrence flood lying between any two given magni- 
tudes”, states: “This illustrates what seems fatal error the 
author’s method analysis.” 

The writer fails find the paper any statement 
justify the interpretation Mr. Horton has given the formula. 
the method derivation and the meaning the formulas are ex- 
plained considerable detail the paper, the writer considers that 
apply Mr. Horton has done entirely unwarranted. the 
determination the average interval recurrence floods size 
between fixed limits desirable, may for some special problem, 
the the flood equalled exceeded, suggested Mr. 
Horton, proper. Such use, however, unusual one, and find 
“fatal the average maximum flood formula because 
not applicable such problem, like condemning formula pro- 
posed for determining the strength steel beam because does 
not give the deflection the beam. writer was aware that 
the “flood equalled exceeded” and the “median flood” had 
their uses, and accordingly gave the formula which they might 
obtained and descriptions the methods derivation, but, 
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explain their application special problems, thinks beyond 
the scope the paper. 

Mr. Horton considers the use ratios “confusing and cumber- 
some”. the use ratios becomes possible compare the fre- 
quency occurrence floods different rivers, which, the writer’s 
opinion, the greatest importance. 

Mr. Horton objects the writer’s method that does not use 
all the floods determine the frequency relation. matter fact, 
the determination the general formula, 1672 floods were con- 
sidered; largest were plotted individually and 200 others 
groups ten. This plotting covered three-quarters the total length 
the curve, plotted apparent that, with the average 
maximum method, the average flood, which has ratio unity, must 
plotted for year. straight line drawn from unity through the 
average the points plotted satisfied the requirements, thus mak- 
ing the plotting the remaining points obviously unnecessary 
that was not done. The writer assures Mr. Horton that the remain- 
ing points will fall close the line. Mr. Horton’s other criticisms 
the paper are, the writer believes, fully covered the foregoing 
discussion. 

Mr. Pillsbury’s discussion interesting and natural one. 
examination Fig. shows how slight change the data the 
Connecticut River would affect the frequency relation, and the writer 
has already given his views the reliability frequency relations 
established from the records single streams. Aside from this, the 
assumption made Mr. Pillsbury contains fundamental error which 
would have be, and could be, eliminated. This error assuming 
that the series annual floods follows the normal law probability. 
the normal law probability, the variations upward and downward 
from the normal are equal. matter fact, with flood data, the 
variations upward and downward are not equal. The variations down- 
ward are more numerous, but the variations upward are greater 
magnitude. The values follow, not the curve normal probabilities, 
but what called skew curve. Mr. Pillsbury will deduce the 
formula that most accurately represents this skew curve, and will 
show its application, will give useful solution the problem 
which has attempted, and will doing the Profession real ser- 
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the object this paper bring out several important features 
some concrete bridges recently designed the senior writer. 

Reinforced concrete now being used the construction 
bridges all three types: arch, girder, and truss; fact, there 
bridge across the Seine Avranches, France, which combines all 
three types: arch span 110 ft., two girder spans ft. each, 
and truss span 100 ft. There are two girder bridges near Pitts- 
burgh, Pa., one 75, and the other ft. span. Nashville, 
Tenn., there railroad bridge which has two 95-ft. spans, consisting 
reinforced concrete bowstring trusses. 

The great advantage concrete over stone for bridges is, course, 
its economy. The concrete bridge has additional advantage 
being stronger.and much more reliable, due the absence joints. 

The mortar the joints stone arch only from one-fifth 
one-tenth strong the stone, and all the joints are never completely 
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filled with mortar. arch work very difficult fill completely 
with mortar accurately cut joint considerable area and small 


thickness. writers are very strongly the opinion that there 


has never been constructed large stone arch whith every joint 
was completely filled with mortar. They have seen first-class stone 
and brick masonry torn down, which not more than 75% the 
space the joints was filled with mortar. the other hand, they 
have often had excavate (which had not been built with 
special care, but with very cheap class labor) which there were 
voids whatever. 

The following example the difference cost construc- 
tion and stone arches. the Manhattan anchorage 
the Manhattan Bridge New York City, the cost the labor alone 
setting the stone arch work was per cu. yd. The stone itself 
cost about $25 per cu. yd., delivered the site, therefore the cost 
the finished masonry, including cement, was more than $30 per cu. yd. 
The cost this arch stone would have been much greater had not 
been for the fact that was included contract for very large 
quantity coursed dimension stone masonry, that the cost the 
latter governed the price the arch work. 

the Rye Outlet Bridge, reinforced concrete arch bridge 
five spans about 127 ft. each, designed the senior writer, and built 
the New York Board Water Supply, near Valhalla, Y., each 
arch span, containing about 400 cu. yd., was average 
hours. There were about men working each span, 
therefore there were 400 man-hours each span, average 
cu. yd. per man per hour. These men were paid from $1.50 $1.75 
per day hours. The cost the labor, therefore, was about $0.22 
per cu. yd. The net cost the materials was about $4.25 for concrete, 
and for steel, forms, etc., giving total net cost about $10 per 
cu. yd., compared with little more than $30 for stone masonry. 
The actual price this concrete, including the profit, 
was $12.50, and the stone about $34.00. 

There one which the stone bridge preferable the 
esthetic features are paramount, and economy not 
considered, then the stone account its 
architectural ornamentation may more desirable; yet, even this 
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case, with modern improvements methods casting the concrete 
faces and afterward dressing them with tools various 
kinds, the concrete bridge can made almost handsome the stone 
bridge much less than half the cost. 

The writers have heard doubts expressed engineers the 
weathering qualities tool-dressed concrete faces. There ample 
proof that concrete surfaces, properly proportioned and cast, may 
dressed with any kind tool, and will weather much better than 
sandstone, and almost well granite. 

Fig. view the Connecticut Avenue concrete arch bridge, 
Washington, which the voussoirs the arches and quoin 
blocks the piers are concrete with mortar face about in. 
thick, composed granite dust and cement, the exposed faces being 
patent-hammered with pneumatic tool after thorough setting. 
dressing these blocks was found that considerable time had 
allowed after they were made before they could cut, otherwise 
the dust would stick the blades the hammer and driven 
between them, breaking the tool. 

the winter 1905, when this bridge was being built, the writers 
were residing Washington, and paid particular attention its 


construction. the summer 1910, passing through the city, 
the photograph, Fig. was taken, showing the faces some the 
voussoirs and quoins. The tool-dressed faces these blocks were 
perfect condition, and appeared though they had been dressed only 
short time. 


This paper largely plea for arch consisting two ribs, 
rather than one with solid soffit; with narrow rather than wide ribs, 
and with deep ribs rather than rectangular section. 
also especially plea for the three-hinged compared with the 
fixed and two-hinged arches. 

There are three very important advantages that the three-hinged 
arch has over the other types. First, the simplicity and quickness 
its analysis; second, its adaptability sites where rock foundation 
too great depth reached; and third, the temperature 
stresses are entirely eliminated. 

The abutments piers three-hinged arch may founded 
slightly compressible material without doing any harm whatever, 
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whereas the slightest yielding the abutment pier fixed 
two-hinged arch sure develop cracks the arches. 

the three-hinged arch merely two struts pivoted the 
ing line and the crown, and curved follow the line the equi- 
librium polygon, they will rise fall the crown accommodate 
changes the length the struts due changes temperature. 

the bridge above the arch has been designed that the amounts 
and positions the loads the arch ribs are known, depth arch 
rib may assumed, its weight computed, and force polygon and 
pressure line—or equilibrium polygon—drawn for the arch; the arch 
may then drawn, and the stresses computed the various joints 


This entire process can done with slide-rule single day 


competent man. very seldom takes more than three trials fix 
all the dimensions three-hinged arch, whereas will take several 
days for each analysis the fixed arch. 

The correct center line for the three-hinged arch should drawn 
follows: Assume the arch have one-half the span fully loaded 
and live load the other half. Draw the equilibrium polygom for 
both the loaded and unloaded sides, then draw line for the center 
line the arch midway between the two polygons, nearly may be, 
taking not more than three centers. known that the equi- 
librium polygons for the areh fully loaded and with load will lie 
between the polygons for the half loaded and half unloaded sides; 
therefore, known that the center line drawn for the most extreme 
positions the equilibrium polygon. This may called 
pressure line, and building arch around it, and the economical 
way design arch, the writers can testify from experience. 

The three-hinged arch has two slight disadvantages compared 
with the fixed arch. First, the cost the hinges; and second, its 
somewhat awkward appearance account the necessarily increased 
thickness the haunches. The second these cannot avoided, 
but the saving concrete arch large span much more than 
pays for the hinges. 

Fig. shows two bridges which are identical design above the 
arch ribs: one consists two fixed, and the other two three-hinged 
arch ribs. Plate are shown cross-sections these bridges. 
The stresses the arches these two bridges are about the 
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that the fixed arch, however, runs almost 10% more than that 
the other near the springing line. 

The stress from the temperature the fixed arch here shown 
some places 40% the total, assuming rise and fall 40° Fahr. 
from the mean temperature. additional objection the fixed arch 
the uncertainty temperature stresses. Conservative engineers 
generally assume variation 40° Fahr. each way from the mean. 
Some, however, assume total variation degrees. The writers 
not believe this good practice, for the reason that the time the 
the arches cannot specified, therefore some may 
built quite cold weather, and others when the weather warm. 
the Rye Outlet Bridge, for example, the first arch was poured 
April, when the average temperature was about degrees. This arch, 
therefore, probably has variation about 40° each way from the 
setting temperature. The last arch was poured about July 1st, when 
the average temperature was more than degrees. concrete sets 
temperature several degrees above that the surrounding air, 
the probable maximum drop temperature below that setting 
will about degrees. The other arches range between these two, 
all them, probably, having greater fall than rise. This uncertainty 
cannot guarded against, manifestly impossible specify 
just what time the year the arches shall constructed. 
bridge safeguarded against this uncertainty designing the arches 
for variation 60° each way from the setting temperature, greatly 
increases the and renders the three-hinged arch still more 
comparison. 

Fig. shows fixed and three-hinged arch. Their construction, 
With the exception the arch, the same. Plate XIV there 
shown cast-steel hinge for the three-hinged arch, similar those used 
the Traver Hollow Bridge now being built the New York Board 
Water the same plate there shown granite hinge. 
The cost the steel the hinge would about cents per and the 
bronze pin and lining about cents per The cost the granite 
would about $50 per cu. yd. and the lead about cents per lb. The 
cost the concrete for the Rye Outlet Bridge would about $12.50 
per cu. yd. The quantity concrete the fixed arch span Fig. 
380 cu. yd.; that the three-hinged arch 200 cu. yd. The dif- 
cost the two bridges, therefore, would be: 
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Fixed arch, excess concrete, 180 cu. yd. 250 
Three-hinged arch, bronze pin, etc., 600 bronze cents. 180 


Fixed arch, excess concrete, 180 cu. yd. $12.50........... 250 
Three-hinged arch, granite hinge, cu. yd. $450 


Three-hinged arch, sheet lead, 600 cents........... 


The ribs this arch are rather too wide for stone hinge, 
not good practice cut thin stone ft. length, and not 
desirable have joint the hinge. the wider than 
stone hinge may used with advantage, very simple and 
economical. 

When the arch span 200 ft. more, there decided economy 
making the rib instead rectangular.. building the 
rib this section there gain two ways. portion the 
concrete taken from along the neutral axis the arch, where does 
the minimum amount good, and portion replaced along 
the upper and lower edges the rib flanges, where will act 
much greater advantage. These flanges should not 
far, the slopes connecting them with the web should quite 
steep, that there will difficulty filling the flanges completely 
with concrete. The web should left sufficiently wide contain 
two steel ribs, with room between them the men may move 
about placing and ramming the concrete. This makes the minimum 
satisfactory thickness the web about ft. The flanges should not 
project more than in. from the web; therefore, with 3-ft. 
web, the width the rib would not more than ft. 

The analysis the rib just simple that 
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rectangular section, except computing the stress the outer fibers. 
account the moment inertia the being more 
complicated than that the simple rectangle, the process com- 
puting the stress the joints longer and more tedious. 

Fig. are shown two three-hinged arch bridges with ribs 
the same width. one the ribs are and the other 
the section The ribs are designed that the stress 
the outer fibers the same both cases. The portion the 
structure above the arch the same each the bridges. the 
arch the bridge with ribs I-section there are 420 cu. yd. 
concrete; and the other there are 490 cu. yd. Thus there saving 
cu. yd. the arch over the other. 
There will also slight saving the hinges, the thrust thereon 
materially less account the concrete each rib having been 
reduced cu. yd., 140000 lb. There will also slight saving 
the abutments, due the same cause. However, neglecting entirely 
the saving the two latter cases, the sum saved building the ribs 
more than $800 for the single span. 

The question might asked: why would not better in- 
crease the depth and decrease the width the rectangular rib, making 
small area the without overstressing it? 

The objection doing this that the ribs have braced 
certain intervals; and between the point attachment these braces 
they act struts. strut, economically designed, should 
equally strong all directions. the rib, therefore, should built 
three four times deeper than wide, would much weaker, act- 
ing strut, unless the bracing was put shorter intervals; 
the increase concrete, due the additional bracing, would counter- 
balance the saving the rib, and nothing would gained thereby; 
and the arch will not have been well designed. The bracing was not 
considered the comparison the arches, being assumed the 
same both cases, the ribs are the same width. 

Another and most important point the design concrete arch 
bridge the shape the piers. Following out the same idea 
the arch, that is, much the concrete possible placed 
well away from the neutral axis, very desirable build the piers, 
from short distance below the springing line, two separate legs, 
braced whatever intervals may necessary, or, extreme cases, 
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connecting them thin diaphragm down where they enter the 
ground. These legs should made thin the nature the case 
will allow, direction transverse the axis the bridge; but, the 
direction -the axis the bridge, they should thicken required 
order keep the point application the resultant all forces, 
acting any joint, within the middle third, and also keep the 
stress within the desired limits. 

rectangular pier, generally, desired keep the line 
pressure within the middle third, the stress will nearly great 
proper allow, and yet not good practice let the point 
application the resultant lie outside the middle third, and thus 
cause tension the joint. the other hand, with the braced pier, 
one able, with little care, design pier which will have the line 
pressure within the middle third, and also have the stress about 
the figure desired, thereby obtaining pier maximum economy. 

Plate there are two piers illustrating this point. The 
first braced pier somewhat similar those the Rye Outlet 
Bridge. From short distance below the springing line the pier con- 
sists two separate legs, braced two points. This pier about 
the same height two the piers the Rye Outlet Bridge. The 
second ordinary solid pier rectangular section the ‘same 
height. Both piers are designed that the pressure line cuts the 
middle third point all joints. comparing these two piers will 
seen that the stresses the braced pier remain quite uniform, 
except near the bottom, where they increase moderate amount. 
the upper part the rectangular pier, however, the stresses are 
low for economy; and yet not desirable increase the stress 
allowing the pressure line outside the middle third, and cause 
tension the joints. The difference the quantity material 
these two piers surprising; the braced pier has only cu. yd. 
concrete; the solid pier has 825 cu. yd., difference cu. yd., 
58% the braced pier, and 37% the solid pier. The difference 
cost the two piers, therefore, about The braces the 
pier, however, are reinforced concrete, which tends decrease the 
difference somewhat; but, the other hand, the earth excavation 
deep, and within coffer-dam, there will much less excavation 
for the braced than for the solid pier, which increases the difference 
the cost. Piers this are not handsome, but economy 
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important consideration, they are very desirable; and they are 
hidden the water from short distance below the springing 
line, the Rye Outlet Bridge, they will not detract from the 
appearance. 

This type pier especially economical for bridge running 
water which there likely heavy ice logs wood 
moving rapidly. putting cut-water the up-stream side 
such objects, and spreading the legs the pier rapidly and 
connecting them with thin diaphragm, the bridge can braced 
thoroughly with very little additional masonry the piers. very 
cold climate, where heavy ice likely form about the piers, the 
connecting diaphragm should contain steel reinforcement. 

the bridges the accompanying illustrations the width 
same; therefore comparison the concrete per 
linear foot arch gives fair idea the economy the arches 
The quantity arch concrete per linear foot span each 


Fig. three-hinged arch, ribs ft. wide............... 
Fig. three-hinged arch, rectangular ribs, ft. wide... 233 
Fig. three-hinged arch, ribs, ft. wide..... 


From this seen that, with the narrow ribs, although the abut- 
ments are 50% farther apart, there very little more concrete per linear 
foot than the shorter three-hinged arch with ribs ft. wide. 

The writers think that the following conclusions are amply justi- 
fied the foregoing comparative investigations: 

First, that arch span consisting two separate ribs more 
economical than one with solid soffit, the span greater than 
100 ft. 

Second, that narrow, deep ribs are more economical than thin, 
wide ones. 

Third, that the three-hinged arch more economical and reliable 
than fixed two-hinged arches for spans greater than 100 ft. 

Fourth, that for spans 200 ft. more, the rib 
more economical than the rectangular rib. 

Fifth, that piers any considerable height are much more econom- 


ical built two separate legs thoroughly braced, thickening rapidly 
the direction the axis the bridge they down. 

All numerical computations have been omitted herein, all the 
processes investigation are simple, and not desired 
lengthen the paper including them. 

The ratio the modulus elasticity concrete was 
taken 15, and obtaining the moment inertia the sections 


the various joints the steel was considered being replaced 
times its area concrete. 

The Rye Outlet and Traver Hollow Bridges were constructed 
the Board Water Supply, consisting Messrs. Charles Straus, 
Charles Chadwick, and John Galvin. Waldo Am. 
Soc. E., Chief Engineer and Am. Soe. 
Department Engineer, Headquarters Department, charge 
design. Charles Gregory, Am. Soc. was Designing 
Engineer Charge Design Dams and Bridges, and the senior 
writer had charge the design the Rye Outlet Bridge and the pre- 
liminary design the Traver Hollow Bridge under Mr. Gregory. 
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DISCUSSION 


interested this paper, especially that portion relating three- 
hinged ribbed arches. The comparisons cost the three-hinged 
and fixed types seem indicate that the former not such ex- 
pensive form construction are sometimes led believe. The 
comparison, however, incomplete, the cost the reinforcement 
not included. fair comparison the two types cannot made 
without including this item. 

pointed out the authors, the three-hinged arch possesses 
number advantages over the fixed type, not the least which the 
certainty and simplicity the calculations. One cannot carry through 
even the more simplified theories fixed-arch design without being 
impressed the length and complicated nature the computations 
involved. These computations are based assumptions which may 
not strictly and may entirely upset slight movement 
one the supports, say nothing the complications caused 
temperature. comparison with this, there little, any, uncer- 
tainty the design three-hinged arch. The computations are 
simple, and the stresses the ribs can ascertained accurately 
the dead and live loads. 

some reinforced concrete viaducts, designed recently the 
writer, cast-steel hinges having hemispherical, ball-and-socket joints 
were used. The price paid for these castings was cents per lb. 
place, which high. this price, the cost the hinges 
amounted only about 34% the cost the structure. This does 
not seem extravagant price, considering the many advantages 
obtained. The that more can gained developing 
cheap form hinge than producing new theories fixed-arch 
design. 

With reference the ribbed type, compared with the solid arch 
ring barrel type, the former has one advantage over the latter which 
not brought out the authors: This the fact that water- 
proofing required where ribbed arches are used. Water-proofing 
frequently and troublesome proposition, and the type 
construction that does away with worthy consideration for that 
reason alone. 

the section for the ribs long spans, doubt- 
ful whether this cross-section much more economical than the rect- 
angular section. forms for the former will more expensive 
per yard than those for the latter, and the cost 
placing concrete the will greater per cubic yard than 
the rectangular section. This will tend reduce the difference 
cost due the smaller yardage concrete the 
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conclusion, the ‘writer wishes state that agrees fully with 


authors the advantages the three-hinged ribbed arch over 


other types arch, and believes that this valuable paper will much 
toward bringing this type into more general use. 


favor the three-hinged arch and the subsequent dis- 


cussion its merits, may interest recall the masterful 
way which the late George Morison, Past-President, Am. 
E., used the principles arch design applying the theory 
the three hinges masonry arch long span, 

1900 Morison designed masonry highway bridge five 
arches, each with span about 180 ft. The arches were circular 
segments having rise one-quarter the span. The bridge was 
ft. wide and the arches extended for its full width. The arch ribs 
varied depth from ft. the crown ft. the springing 
line, and were limestone with voussoirs full depth the 
faces the arches. The arch rings carried cross-walls 
spaced about ft. apart, which, turn, carried full centered arches 
supporting the floor, except the three center panels where the span- 
drel was carried solid the floor level. the crown joint and 
springing line joints were inserted lead bearings, ft. wide 
the crown and in. wide the end joints. These plates were 
hinges, permitting adjustment the arch under the dead- 
load strains, and the joints were filled with cement mortar after 
the the bridge. 

the design these arches the usual method was followed 
dividing the arch ring into short sections, considering the weight 
each acting vertical plane through the center gravity 
each section. The weight the spandrel and flooring. was 
divided similar manner. The strains were determined graphic- 
ally, and leaving voids various sizes the concrete filling over 
some the spandrel arches and loading others with pig iron embedded 
the concrete, arrangement loads was obtained which pro- 
duced resultant curve pressure passing through the center line 
the arch ring each panel point under the cross-walls and the 
hinge joints. 

For various conditions live load, the arches were considered 
fixed (the hinge joints being filled before admitting traffic) and the 
resultant lines pressure lay well within the middle-third the 
arch very moderate pressures for such large spans. 

This treatment, its simplicity.and the skillful use the 
which: Mr. Morison approached problems design, shows the 
attributes the great engineer. 
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Grecory, Assoc. Am. Soc. E.—The speaker was the 
Designing Engineer charge the design bridges built the 
Board Water Supply, referred this paper, and wishes 
make statements amplify the relation work done 
the Board Water Supply this paper, and others who were 
concerned the design these bridges right position regard 

The authors reach the conclusion that practically all cases the 
three-hinged arch more economical for long spans than the ordinary 
fixed-end arch. When designing the Traver Hollow Bridge, the speaker 
did not, does not now, concur conclusion. The three- 
hinged type was selected largely. because expected slight settlement 
the foundations, rather than the economy the type bridge. 
The estimates indicated three-hinged arch would 
more expensive than fixed-end arch. 

The economy the divided pier brought out the authors, but 
the manner which the design the piers the Rye Outlet Bridge 
was arrived differed considerably from that deseribed the paper, 
although meeting the assumptions the authors. The interesting and 
unusual feature this bridge that arcade five reinforced 
concrete arches. supported exceptionally high piers. was found 
that the yielding the top high pier ordinary shape under the 
live load arch thrust (the height the highest pier 
this bridge being little more than 100 ft.) would sufficient 
create considerable stress the arch without exceeding the usual 
limits stress creating tension the The design was made 
limit the yielding the-piers that which could safely and 
economically provided for the arches. The entire arcade was treated 
complete elastic structure, and determination was made what 
proportion the unbalanced thrust from loaded arch would 
ried the adjacent pier and other arches and piers the arcade. 
The shape and size pier adopted was found necessary from 
made just outlined. 

This work was done under the speaker’s supervision Mr. George 
Bennett and Orrin Brodie, Am. E., who were the 
time assigned Mr. Smith’s staff, but worked this problem under 
the speaker’s immediate direction. 


Henry Am. Soc. E.—Experience the design 
concrete arches confirms the opinion expressed Mr. Gregory 
regarding the relative economy fixed and hinged rings, and the 
justification for the use hinges. Computations for comparison 
several cases have failed show any saving cost 
three-hinged type over fixed type when the ratio rise 
span was fairly good. justified only when the founda- 
tions are unsatisfactory, cases where the arch very flat. 
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flat arch the crown movement due change length ring from 
temperature greater than high-pitched one, and the temperature 
stress may thus become great enough warrant the use hinge 
avoid it. The arches shown the paper, however, are flat, 
but have good rise. 

The authors give estimated quantities concrete required for 
the arch rings in. the two designs shown, and represent the fixed. type 
requiring 90% more concrete than the hinged. This hard 
understand. fixed ring should require only little more than 
hinged ring. The depth the crown must about the same for each 
because the horizontal thrust the same, and any theoretical 
eccentricity, due unsymmetrical loading, the fixed ring will prob- 
fully matched the effect friction the hinge the other 
case, for the inevitable deflection caused the weight the floor 
imposed after the closure the arch will likely produce the 
effect eccentric thrust. the quarter points the hinged ring will 
need considerably more depth than the fixed ring, and will only 
the springing line that the fixed ring will deeper and require 
more concrete. the cost effective hinges quite considerable, 
the net result generally the reverse that reported the paper. 

said that the greater depth the fixed ring design the 
paper was made because temperature stress, the reply that tem- 
perature stress necessarily increases with the depth the ring, and 
adding the depth because such stress somewhat like piling 
load horse’s back enable him pull heavier wagon—the 
poor legs may overtaxed, 

would seem, therefore, that there must something wrong, 
either with the estimates with one the designs. 

The stone hinges shown the paper give the impression being 
likely develop friction they all, and this will entail 
tricity stress the arch ring, that extent detracting from the 
only advantage the hinge. 

The matter appearance arch important many 
and the bulging the quarter that the ordinary 
hinged ring distinctly ungraceful and displeasing the miscella- 
neous eye which cannot understand the reason for while the eye 
the designer who knows that the point greatest shear the 
point greatest single stress, desires see the arch thickest the 
spring where that stress the greatest. 

One very important consideration discussion stress 
masonry arch the method construction, generally far 
more vital than temperature fluctuations. The method 
laying arch ring from the springing line the crown, with 
the attendant progressive deformation the centering and consequent 
cracking the earlier portion the ring practically reduces the work- 
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ing thickness the ring fraction that designed, and may 
the real cause some failures that have occurred. The proper way 
avoid cracks initial stresses the arch ring due settlement 
the centering during construction build the 
ring voussoir blocks with narrow key spaces between them. Then 
when all the blocks are made, and the centering has, therefore, nearly 
its full load, after the blocks have seasoned and shrunk, cast the keys. 
course, the arch small enough permit the casting the 
full length the ring one day—say within hours—the separation 
into blocks will not needed, because the first portion 
still plastic enough when the ring closed adjust itself the 
deformed centering. impracticable eliminate initial stress 
wholly, for any the dead load that added subsequently keying 
will cause some deformation the ring and consequently initial stress 
somewhere; but this should never enough serious. 

The claim advanced the paper that concrete will weather better 
than good sandstone, and almost not quite well granite, 
hardly expected from experienced observer concrete work. 
the authors know any formula that will produce concrete with 
such desirable quality, they should give the Profession. 
poor quality building stone that will not hold its surface and its 
edges better than the best concrete. The statement the paper 
sounds little The friends concrete will promote 
its use more effectively avoiding extravagant claims for it. 

Another point the paper that seems not entirely clear the claim 
marked advantage the I-shape arch rib. The arch ring 
column—not beam. the curve true and the line thrust 
central, there absolutely beam action: course, the width— 
horizontal thickness—of the rib, and its depth vertical thickness, 
should both theoretically adjusted make column that will fail 
crushing rather than buckling, and this will require some mini- 
mum width. regards lateral buckling, any given width effec- 
tive the mid-depth the flanges, and, any case, suitable trans- 
verse bracing should provided. The method estimating the saving 
due the coring out the concrete the sides hardly fair, because 
very large part the cost such concrete the support it, 
and any increase decrease quantity will proper charged 
only the cost the material and placing. the extra cost 
the additional form work necessary for the paneling will materially 
reduce the seeming economy material. 

Replying the question member the observed 
range temperature concrete arches: Two bridges, constructed 
within the past years, with electrical resistance thermometers em- 
bedded the mid-line, show temperatures the concrete ranging far 
less than usually assumed. The depth embedment case 
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ft. and the other, ft. in. The former spandrel 
filled arch and the other open spandrel. The maximum range 
temperature recorded thus far has been from 31° Fahr. winter 
made same times show fall correspond 
to.a change temperature throughout the arch ring 45°. 
between the extremes cold and heat. 


Am. Soc. E.—The statement, among others, made 
concerning the quickness, simplicity, and certainty the design for 
three-hinged arches, deserves careful investigation, and should not 
accepted off-hand, matter course. 

Therefore, not without interest recall what both theory ‘and 
experience teach with reference the equilibrium this particular 
kind construction, and ascertain what extent may 
trust his results. 


arch, being the tangent point, and the normal the 
tangent, known that long the line action force, 
acting the hinge, contained within the angle APD (this angle 
being twice the angle friction, for the material which the hinge 
made), the system will equilibrium, provided, course, the 
force, compressive one with respect the tangent, 
ilar remarks may made regarding the surfaces, and the 
hinge the key. 

Therefore, long the two components force, acting 
the system, will keep the two angles, APD and BP’D, the sys- 
tem itself will equilibrium, and the points, and are 
regarded the extreme limits this equilibrium position. 
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other words, the system will always equilibrium under the mr. 
action any force the line action which area, 

foregoing demonstration but its foundation 
rather indefinite; fact, all based the assumption that the 
angle, known quantity, and, even that true, there are 
two solutions, according the theory, that satisfy the conditions 
equilibrium and, especially for arch large and flat span, give 
quite different results. 

Concerning the friction laws, can said that, outside 
values all engineers’ handbooks, which for every-day 
purposes reliable, those laws are not well known 

The history the researches friction very brief. 
1699, started for the first time research the friction some 
machine his, without, ‘throwing any important light 
the general matter. 

1781, Coulomb took the researches this important problem 
and announced the world his results, giving out laws friction, 
well values for different materials. 

1785, Vince started his researches the same question and 
rejected, unreliable, Coulomb’s laws and values 

1829, Rennie, who made tests.under about the same conditions 
Coulomb, found more less similar results. 

Finally, 1831, Morin presented the des 
Sciences”, results his friction tests, and, though 
confirmed Coulomb’s fundamental laws, found numerical values 
for which very different. worthy of-note that, though 
Morin made his tests larger scale than Coulomb, did not 
farther than pressure about 5.2 lb. per sq. in. 

far the speaker knows, these are the only works the subject 
which stand high account the illustrious names their authors; 
unfortunately, they not agree among themselves. 

Modern investigations, however, without adding anything definite, 
have found that the friction law, given Morin, 


where: Resistance due friction; 
Normal component the force acting the body; and 
numerical coefficient depending the materials 
contact 


not complete; because; though dependent the materials 
contact, dependent also the speed with which one surface moves 
the other and the intensity the acting force; these laws, how- 
ever, have not yet been determined. 
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The only thing known present that the value the start, 
between 1.5 and times its value during the movement, and this 
quite wide range when one considers the certainty results. 

Usually, the hinges are metallic, or, even they have 
shape which might regarded hinge; the problem then solved, 
well known, the following manner: 

Let (Fig. the left hinge arch; drawing the friction 
circle with the radius sin. (where the radius the hinge and 
the angle friction), known that all forces having lines 
action which cut that circle will not move the hinge about its center, 
and all forces having lines action tangent that circle will 
the limit position equilibrium, provided each these forces has 
tendency compress the hinge against its groove. 

the hinge the crown, known that the four common 
tangents the two friction circles are limit positions equilibrium, 
therefore, according graphic statics, the problem already admits 
four solutions. 


Taking now into consideration the third hinge, force 
acting the system, and P,, P,, and P,, are the points where the 
line action cuts the four tangents, from each those points 
can drawn two tangents the friction which, according 
the theory, will resolve the problem. 

For the sake brevity, the hinge has been regarded 
the same kind those and 

Apart from the several solutions given the theory the equi- 
librium this kind construction, here, too, the indeterminations, 
resulting from friction, must considered. 

The friction circles can drawn quite accurately for machinery, 
when question pieces well prepared for laboratory tests, 
for which test after test has been made that the whole question 
somewhat settled. 
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Concerning the friction bridge hinges actually operation, how- mr. 
ever, which the pressure often great wear off the material 
the contract surfaces, said with regret that there has 
not been single test known the speaker. 

can seen, therefore, that the quantity, sin. has not, 
any means, known and determined value; fact, rather arbi- 
trary. other words, the set four points, P,, P,, P,, and P,, can 
substituted for another set four points, provided they satisfy 
the requirements graphic statics. 

Although all the stated indeterminations (and there are others) 
not prevent designer from patching some kind design for 
three-hinged arch, not possible accept the statement 
ing the reliability such design. 

The hinges, however, concrete masonry arch can used 
with advantage sometimes during the construction the arches, when 
there steel reinforcement take the tension the springing 
line and the key, due possible excessive settlement the cen- 
tering; then, after the centering has been removed, the hinges should 
concreted. Thus the arch behaves three-hinged arch, far the 
dead load concerned, and rigid arch for the live load and tem- 
perature. that instance the hinges, free from the enormous pressure 
the dead load, can easily accompany any movement it, being 
concreted afterward, when their behavior begins extremely 
doubtful. 

The granite railroad bridge Italy, with 229.65 ft. span 
and 32.8 ft. rise, has been built accordance with the foregoing 
method. 

comparing and stone bridges, the authors rightly state 
that one the advantages the former that stronger and 
much more reliable, because the absence joints; therefore 
not clear why the paper special plea for the three-hinged arch, 
which has three joints, compared with the rigid arch, which has none. 

Concerning the statement that the trial design for fixed-end arch 
takes several days for each analysis, can said that takes 
longer than the trial design for three-hinged arch, and possibly less. 

The stresses the arch with fixed ends, due dead load and 
temperature, can calculated day’s work easily. 

method designing arch, based the rather recent 
the speaker.* This purely graphical method and holds, irre- 
spective the geometrical form the axis the arch, irrespective 
also the law variation the cross-section the latter, and 
the assumptions loading. other words, possible, that 
method, draw the lines influence for moments, for any section 
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the arch, before the loads.are applied the arch, 
sequence, the most prejudicial hypothesis loading for the chosen 
section given once, without any trial. 

that paper, addition the theoretical part, the speaker 
showed practical application arch which had designed and 
built that 

contrast with the unreliability the results design for 
three-hinged arch, not without interest relate that for 
end reinforced concrete arch, built France, span 318 
ft., the difference between the stresses calculated and the actual 
stresses reached maximum 14.7 per cent. 

Every engineer fully appreciates the importance these results, 
especially when considers that, steel bridges the best design, 
that difference reaches 25%, and, when designed the assumption 
that there friction the joints, the difference may more than 
100 per cent. 

The horizontal thrust, due temperature changes, directly pro- 
portional the coefficient expansion, the change temperature 
degrees, the modulus elasticity the material, and the span 
(measured the spring points the geometrical axis the arch); 
but inversely proportional the inertia moment the whole 
elastic arch with respect the horizontal (if the arch has its spring 
points the same level) passing through certain point called the 
center gravity the elastic arch. 

If, for the same span, arches with different rises are drawn, can 
seen that, although the factors directly proportional the hori- 
zontal thrust remain unchanged (the variation the span the 
geometrical axis may disregarded), the moment inertia 
arch increases rapidly with the increase the rise the arch; 
that the effects change temperature diminish importance 
with the increase the rise. 

The shrinkage the concrete due setting and that due the 
dead load are two important causes stress taken care of, 
especially the former. the arch very flat large span, 
the best and most economical way take care the shrinkage due 
170 ft. with ft. rise, and two spans 140 ft. with ft. 
designed the speaker, have been built, breaking the 
each about ft. long, and leaving between each two con- 
secutive small voussoir, key, ft. The voussoirs were 
cast first and the keys were not cast until the last concrete vous- 
soirs was days old, thus avoiding, for the 170-ft. span, for instance, 
important tensions the intrados the key and the. extrados 
at-the springing line, especially during the winter, due shortening 
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have taken place. 

the state, average pressure lb. per sq. in. 
crown hinge that arch was calculated, inferred 
that the maximum pressure the hinge was about per sq. 
in. the theoretical point contact groove, and may 
assumed that was reduced zero each end 

The question then arises: such vital point bridge may 
the material submitted work rate which never allowed 
for such material other much less important points; and that with- 
out discussing the practical inadvisability trusting 
space the stability such comparatively enormous mass 

dealing with such pressures, however, there longer any 
question the possibility assuming that that point there 
hinge, ready work; more matter design, but guess- 
work. 

When hinge such small diameter placed the key, mali- 
cious attempt wreck the span could successfully earried out. 

Another kind hinge—fortunately, very seldom used—is ball- 
and-socket joint cast steel consisting hemispherical protuber- 
ance fitting into hemispherical cavity. Any horizontal displacement 
the crown the arch, for structure this kind, cannot 
templated. seriously; there reason for using such hinge. 
the construction three-hinged arch, the use ball-and-socket 
hinge means simply the addition more friction that joint. 

Having arch with only two ribs, and that arch hinged with the 
type, then, each joint. cross-section there will 
least two Admitting, for the moment, that herizontal dis- 
placement the crown might take place, will admitted also, that 
will very small. 

account the rigidity connection between the two how- 
ever, there possibility horizontal rotation both hinges, even 
disregarding friction and admitting, course, the elastic deformation 
the whole system; but the effect that displacement will only 
decrease the pressure one hinge the expense the other. 

However, the use hinge that kind shows that the de- 
signet assumed the possibility really tangible horizontal displace- 
ment the key and the consequent horizontal rotation the hinge, 
without interest ascertain what would happen the arch 
horizontal rotation took place the key, matter how small 
might be, provided, however, that tangible quantity. 

Assume that the hinge has horizontal rotation only 10’, and 
that the two hinges are ft. apart; then, while one hinge presses 
its socket during rotation (always disregarding friction), the 
other would lifted out ‘its socket distance about Although 
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this will not happen, account the elastic deformation the system, 
fair admit that, that joint, the horizontal thrust zero 
(without speaking the pressure concentrated the rotating hinge). 

What happens the key, according the designer’s assumption, 
will happen also the springing line, but the order will reversed. 
Then the question arises: Did the designer calculate the stresses 
his system under such abnormal conditions equilibrium? 
did, certain that will never advocate the and 
certainty design for three-hinged arch, especially with ball-and- 
socket joints; did not, then his enthusiasm for structures this 
design quite natural. 

wisely concerned about the secondary stresses arising 
from the use the hinges arch bridges, and for which there 
way, present, determine their exact amount, thought that 
half-rigid the working behavior which 
could easily determined, would preferable the usual 


Lo 
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SECTION 


For that. purpose, several years ago, under his personal supervision, 
the Testing Laboratory the “Ecole des Ponts Chaussées” started 
researches joint, Fig. built concrete according 
his plans. Without going into details concerning his tests, enough 
repeat one his remarks: 


“Le moment qui été nécessaire pour fair fléchir semi-articu- 
lation quand elle était noyée béton, n’était pas négligeable.” 


Then concluded saying that was possible, perhaps, free 
the joint, from concrete and fill the remaining space with some kind 
non-acid asphalt. 

Evidently, hinge this kind, eloped properly, could not 
expensive, and, the same time, would eliminate the stresses 
depending friction, least, 

Concerning the saving material building the ribs 
section, may remarked that such saving, general way, does 
not mean, necessarily, saving money. would rather absurd 
think that marble statue costs less than block the same mate- 
rial having the same external dimensions, only actual 
volume the statue less than that the block. addition, how- 
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ever, all doubts expressed other speakers concerning the cheapness 
rib, compared with the rectangular rib, another 
remark may The three-hinged arch, account its lack 
rigidity, requires stronger system stiffeners than that needed 
fixed-end arch, and the quantity the stiffeners for 
the former must, necessarily, greater than those for the latter; 
therefore the statement advanced the authors, that the quantity 
concrete was the same each case, cannot accepted. 

conclusion, noted that the statement concerning the 
complication design for fixed-end arch and the ease with which 
such arch can upset slight movement one its supports, 
not altogether justified. This complication design, much com- 
plained of, justified only the ‘designer expects the 
arch simply can pick out, from the “Carnegie Handbook,” the 
I-beams for floor. 

Concerning the latter remark (which was correct several years ago) 
can said that, the theory “virtual work” or, more elegantly 
and speedily, the method the “ellipse elasticity”, the designer 
can easily take care such dreaded displacement support, and 
yielding the soil which the footings rest. 

There doubt that the design for arch one the most 
delicate problems engineering; but, after all, may done without 
any great trouble the designer sufficiently familiar with his work. 

The theories used are not monopolized few persons, but are 
quite accessible any one training and application. Fortunately 
for the designer, those theories cannot reduced “rule-of-thumb”, 
for several reasons. engineer, satisfied with what was taught 
school, does not keep touch with the daily progress science, 
runs the risk, nowadays, being behind the If, for instance, 
designing arch, still assumes first that the arch entirely 
loaded and then, that half loaded and half unloaded—still believ- 
ing that, this way, ascertains the maximum stresses that arch 
—he flatly wrong; those assumptions were years ago, 
because there was then means ascertaining, conveniently, the 
most prejudicial hypothesis loading; present, however, that 


the ribbed arch, especially the three-hinged type, has not received that 
recognition its merits which deserves. Its economy and advan- 
tages are better known and more highly appreciated Europe, where 
has been used extensively under almost all conditions site and 
traffic, and great variety form and design. 

Comparatively few bridges the rib type proper (hinged 
fixed) have been built, yet, America, and these only within 
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the past decade. The literature the subject, therefore, compara- 
tively scant. 

The authors this paper deserve the all interested 
the use and development this type America, where its future 
promising and its field extensive. 

The use three-hinged arches compressible material fully 
justified ample experience and precedents. The foundations abut- 
ments and piers such cases, however, demand more careful investi- 
gation, study, and design. fixed two-hinged arch may also 
often built with entire safety compressible material, provided 
the foundations are properly designed and built, the use 
batter piles and other methods taking thrust. This also 
justified numerous structures under such conditions now extant, 
both Europe and America. 

The seeming economy the rib compared with the 
rectangular, will not show vividly practice paper. This 
saving concrete the will largely, not entirely, 
offset the expense caused the additional material and 
labor involved making and placing the and depositing the 
concrete therein. Forms for such sections also necessitate the cutting 
the lumber into many short lengths, thus making much the 
material unfit for other use. For instance, Fig. shows 
form designed for the purpose economizing material and the 
labor making, placing, and dismantling it. This form also capable 
repeated use, built sections with this view. Yet the 
additional material and labor involved, comparison with forms 
rectangular section, apparent first glance. 

addition, the rib invites and makes possible injury 
and defects the permanent structure from which the rectangular 
section exempt. one can foresee forestall settlements false- 
work from timber shrinkage, “taking col- 
umnar shortening, foundation movements, expansion, contraction, etc., 
ete. centering moves upward well downward 
account the unsymmetrical placing the load, cases where 
the falsework becomes wet rain flood after being thoroughly 
dried out. rectangular arch rib capable sustaining more settle- 
ment upward movement the falsework without injury than 
possible with because the projecting flanges the 
latter. Settlements movements the to- the 
removal the seriously endanger these flanges, and 
will probably cause rupture near their junction with the body 

From number cases, has been observed that the maximum 
movements falsework (both and down) occur during imme- 
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diately after the construction the arch ribs (except cases ac- 
because this the period the initial adaptation 
the falsework its superimposed load. During 
this period, therefore, are always found position and 
cannot dispensed with. The danger flange rupture most im- 
minent during the initial stages action; that is, when arch 
action begins assert itself, the concrete being comparatively green. 


Note: 

Forms Built in 6 to 10-Ft. Longitudinal Sections 
Each Section Detached by Removal of Bolts 

in Verticals 


Flange rupture may however, after the passed into 
the self-supporting stage, even before arch action asserts itself 
For. instance, downward movement the falsework occurs 
just arch action begins take place, the rib offers some résistance 
the movement, though may incapable entire self-support. 
The result rupture the bottom flanges and cracks: opening 
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upward movement the falsework occurs (on 
swelling, distortion, accumulation drift and débris against the 
forms), flange rupture takes place the opposite direction, the cracks 
opening downward, and both top and bottom flanges affected, 
and Fig. Flange rupture prior arch action most 
likely occur connection with the use heavy reinforcing mem- 
bers, such lattice girders, etc., these, their own arch 
action, are capable resisting the movements the falsework. 

must also remembered that near the points, and 
the the poorest and weakest concrete will undoubtedly 
found. here that the greatest difficulty will met securing 
good concrete, account the re-entrant angles the forms, and 
the proximity the reinforcing members thereto. Hence the flanges 
which must resist the greater stress from such movements are less 
capable doing so, account the quantity and quality the 
material. 

The likelihood flange rupture (especially after arch action the 
rib) may decreased, more less, avoiding rigid connection 
between the sides the and the supporting timbers below. 
Thus, Fig. such precaution may provided simply omitting 
(on both sides) the lower bolts shown the verticals, and using stop- 
blocks instead. Slip-joints thus formed would permit the downward 
movement the falsework without injury the flanges, provided the 
arch had attained the stage self-support. 

Although the authors affirm that “the shape the piers” “most 
important point the design”, they appear overlook this and other 
important points relating the design and construction bridge 
piers, especially flowing streams. 

the comparative estimates the braced and solid types piers, 
apparently, only the difference concrete has been considered. The 
greater length coffer-dam required pier the braced type 
(with without diaphragm foundation offset) should considered. 
coffer-dams flowing streams, the important thing 
usually time, for more risk attached coffer-dam building 
flowing streams than any other operation connected with ordinary 
bridge building, especially where there “ice logs wood moving 
rapidly”. 

The many-sided dam the braced type pier requires much ma- 
neuvering the pile-driver order effect the frequent changes 
This involves change anchorage, backing, going forward, 
all men who are not sailors, and while breasting current, 
and with risk disaster flood. 

The solid rectangular pier requires less coffer-dam, less maneuvering 
the pile-driver, less exposure flood the most critical time, and, 
consequently, much less time and expense. These are among the im- 
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portant points which should considered pier design and construc- 


tion, and cannot overlooked any estimates. 
There are, however, other features the authors’ braced pier which 
appear serious preclude entirely this type from consideration 
streams the character mentioned. 
The authors state: 
“This type [braced] pier especially economical for bridge 
running water which there likely heavy blocks ice 
logs wood moving rapidly.” 


Even prior 1913 streams this character throughout the country 
indicated, ample evidence and signs, the imprudence obstructing 
their flow. Railway officials and engineers, having interest many 
streams over extended territory, were among the first impressed. 
Frequent and alarming flood records numerous streams were ob- 
served. Bridge piers which had given many years service, without 
trouble expense, became the causes claims and litigation ac- 
count damage adjoining lands soil stripping and deposits 
mud, silt, and débris, resulting from stream obstruction and current 
deflection. 

was observed that, usually, mud, silt, were deposited 
greatest abundanee where the water first left the banks running 
streams. This occurred most cases immediately below bridge piers 
other current deflectors. 

Railway men and others who have borne the responsibility (night 
and day) traffic and maintenance way during flood periods, know 
the expense and risk attached ordinary solid piers running 
streams carrying ice and drift. The braced pier recommended the 
authors for such locations would prove veritable drift-trap and, view- 
ing the matter broadly, appears most obstructive and expensive 
type. Cut-waters, though valuable safeguards, especially against ice, 
not prevent the lodgment all logs and drift, even when solid piers 
comparatively less widths are used. 

The authors’ braced type pier exposed, not only the accumu- 
lation drift, its nose up-stream end, solid piers, but 
will also catch and hold rigidly logs and drift the space between 
the legs both sides (Fig. Drift thus trapped and held would not 
float and rise with the flood does with solid piers; and, would 
quickly submerged when caught, would almost impossible for 
ordinary section gang, even with machinery, dislodge it. 

The buoyancy and enormous leverage mass logs and drift, 
thus trapped, would exert simultaneous lifting and wrenching action 
the pier, increasing with the pressure the rising flood the 
growing mass held firmly before it. 
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Drift which collects the noses solid piers can always re- 
moved ice-hooks pike-poles and floated drift 
deep scour piers, and this would probably extend below 
the diaphragm, its depth were ouly “down where they [the :pier- 
legs] enter the ground.” this should oceur, heavy drift 
sides might find its way under the diaphragm well the braces. 
difficult reconcile the obstructive braced pier recommended 
the authors with the nation-wide conservation movement to-day, 
especially the face the experience the West and Middle West 
1913, with its lessons clearly, impressively, and profoundly taught. 


31'9° 


! 


FOUNDATION OUTLINE FOUNDATION’ OUTLINE 
BRACED PIER ‘SOLID PIER 


Fic. 9. 


Amid the losses lives and property, the bridge engineer’s lesson 
stood out above all others—unmistakable and specific: 
(a) Avoiding unduly wide and obstructive piers; 
(b) Reduction number piers increase span 
(c) Increasing floor-level elevations. 


These would facilitate the discharge and consequently help lower 
the flood level. doing, other lives and property may saved, 
and the sacrifices the West and Middle West will not have been 


authors that three-hinged arches contain only about half 
masonry, properly designed fixed arches only true for bridges 
very small rise, and the writer would interested see the cal- 
culations for the bridges shown Fig. his own tables not 


2 
' 
H 
Coffer Dam” / 


show difference. The fact that the thrust both 
practically the same. The bending moment caused concentrated 
load three-hinged arch greatest when the load 0.211 from 


centrated load produces the greatest bending moment when placed 0.3 


from the abutment, and its value about 
customary calculate bridge for uniform load, placed 


its half span. The greatest bending three-hinged 


arch occurs the quarter and amounts fixed 


arch the point 0.317 from the abutment, and amounts 


72 

the same time the moment the abutment 

There nothing justify the statement that there consider- 
able saving materials three-hinged arch over fixed arch, unless 
the temperature stresses and the stresses due the shortening 
the arch and the shrinkage the concrete play important 
which only the case arches comparatively small rise and large 
depth. Professor Howe, his treatise arches, showed the 
thrust from change temperature parabolic arch constant 


may found the formula, when the modulus 


elasticity, the moment inertia the crown section, co- 
heit, and rise arch; and that its point application should 


assumed below the crown. The writer finds that para- 


bolic arch, usually designed, the thickness the arch increasing 
the abutment about times the crown thickness, the thrust 


may found the formula, and its point application 


From change temperature, the pending moment found be, 
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B 
Mr. ness the crown; the moment the crown 080 and the 
Mensch. 


moment the abutment 120 


consider that the moment resistance the crown section 


and that the moment resistance the abutment, when the thickness 


twice the crown section can obtain for the 


for width in. (neglecting the 


stresses the extreme fibers caused the change temperature, 
dividing the moments the section modulus, the simple expressions, 


540 for the crown section, and 265 the abutment, whatever 


the span the arch. 


The writer will endeavor compare the two bridges shown 
Fig. far the few measurements given will allow. will 
assume that the thrust per linear foot may found the formula, 


distributed over the two arch rings ft. wide; and the bending 
moment three-hinged arch the quarter span 
128.5? 
The crown thickness the arch in., and, assuming that the 
thickness the quarter point in., the stresses the quarter 
point may found follows: 


000 ft-lb. per lin. ft. 


000 
The compressive stress 177 per sq. 
The stresses the extreme fibers from the bending moment 


242 lb. 


maximum compressive stress 177 242 419 
and maximum tension 242 177 lb. 


fixed arch will necessary assume greater thickness 
the arch the crown, account the temperature stresses; there- 
fore, the thickness the crown will assumed in. and that 
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the abutment, in. The maximum bending moment caused 


uniform load, per square foot the crown about 


000 
the stresses the extreme fibers, from the uniform load, 


28? 
divided Ib. per sq. in. 


and the 


compressive stress from the thrust 208 per sq. in.; 


170 128.5? 
320 


shown before, the temperature stress the extreme fibers 
1540 144 per sq. in., maximum compressive stress 


208 144 408 and minimum compressive stress 208 

200 per sq. in. the abutment, the thrust 000 1.28 

500 

imum bending moment from uniform load 
170 128.5? 


500 and the compressive stress 


000 
The section modulus the abutment 280 and 


280 


The temperature stresses 


118 the maximum 


compressive stress 118 335 per sq. in., and the 
maximum tensile stress 202 lb. per sq. in. The average 


The stresses from the shortening the arches will modify the 
results only very slightly this case. Although both bridges have 
about the same stresses, the average quantity concrete only 
greater the fixed than the three-hinged arch. Or, assuming that 
200 cu. yd. for the three-hinged arch correct, the saving amounts 
only cu. yd., $675, which more than counterbalanced the cost 
steel hinges. 

The authors state that the slightest movement the abutments 
will develop cracks the arches. This not the case. temperature 
the span, or, this case, 0.42 and poorly designed abut- 
ment which this movement will seen. Such movement would 
increase the stresses the crown 408 144 552 compres- 
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118 453 lb. compression and 118 187 lb. tension. 
known that ordinary slabs not crack under stresses less than 
per sq. in.; hence the factor safety against the first crack 
still ample. 

true, however, that the temperature and those due 
the shortening the arch would three four times great 
the same arch with rise only one-tenth the span, and the 
advantage the three-hinged arch such case 

three-hinged arch, great stresses may caused the unequal 
settlement the staging, and has often happened that the hinges 
have been thrown out line and out center, and have had to-be 
dug out and replaced. The failure large bridge was due this 
This the main reason that fixed arches are preferred ex- 
perienced engineers the three-hinged type. 

must also mentioned that three-hinged arches settle consider- 
ably more than fixed arches after the centering struck, and also cause 
more vibration under moving loads. 

three-hinged arches, the use deep ribs decided 
which not the case all fixed arches. The writer has advocated* 
the use for spans more than 300 ft., and for spans 
from 300 ft. advocates T-sections. 

The rule given the authors for finding the center line for 
three-hinged arch simplified assuming the arch 
loaded one-half the uniform load per square foot. This, accord- 
ing the elastic theory, gives the most favorable line 

Janni, and others have brought out most the points involved, but 
there remains one vital importance affecting the comparison 
the hinged and fixed-arch rib made the authors. Although 
they have used the proper form for their hinged ring, their fixed ring 
neither correct nor economical, and, therefore, not fair com- 
parison. Being segmental, subject great moments the spring- 
ing line, the ring does not conform any line for any 
practical conditions. 

The only economic justifications for the three-hinged ring are 
difficult foundation conditions rise less than one-sixth 
the span with possible yielding the abutments. 

The authors exaggerate the difficulty computing the fixed arch, 
for, systematizing and tabulating the work, quite possible 
make the computations days Moreover, does not seem 
good engineering practice, nor creditable the industry the 
Profession, advocate design because may save few hours 
even few days work for the designer. This aggravated when 
there room for the suspicion that any such saving the 


*“The Reinforced Concrete Pocket Book.” 
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time and energy largely due his unfamiliarity with fixed-arch mr. 

computations. 
The advantages the ribbed ring have been demonstrated and 

advocated* the writer designs worked out 1899 and 


question temperature changes has been mentioned 
several who have paper. 

When the Conerete Bridge, which the writer was 
one the designers, built Des Moines, Iowa, 1911, nine 
electrical thermometers were embedded various points 
thickness in., solid spandrel fill. greatest range 
temperature was average two. thermometers 
showed temperature 86° Fahr. about hours after pouring, 
below zero the low point during the following winter, and 86° 
the summer. 1912, one year after the bridge was built. Other 
thermometers placed thicker portions the arch showed somewhat 
less susceptibility changes. The average two in- 
struments embedded ft. heavy concrete near the pier and 
abutment showed 98° Fahr. about hours after pouring,, 20° the 
next winter, and 85° the following summer. The average all the 
thermometers for the first months, gave range temperature 
the concrete 87.6 degrees. The upper limit this range was the 
extreme produced the heating the setting The average 
all the thermometers for the second months was 79.2 degrees. 

The extremes atmospheric temperature the summer 1911 

and the following winter were very great for this locality, the total 
range being 135 degrees. However, ranges considerably more 
100° may expected every year. 
Elevations were taken all six arches the bridge 
1911, when the average all the thermometers was 75°, and again 
January, 1912, when the average was degrees. The difference cor- 
responded that computed for change 64° the tem- 
perature the concrete. 

the design the bridge, allowance was made for 40° rise, and 
40° fall. ‘These amounts were considered excessive some en- 
gineers, but the actual observations show that they were not only not 
too small, but that the fall was more than 40°, the concrete having 
been poured general average about degrees. 

Considering these temperature ranges, apparent that concrete 
bridges built these rigorous climates, especially the hingeless arches, 
must very carefully reinforced against temperature and 
also evident that the warmer climates and those having nearly uni- 
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form yearly temperatures possess real advantage with this type 
construction. 


states that the decision adopt three-hinged arch for the Traver 
Hollow Bridge was taken because the foundations for the abutments 
and piers would compressible material. also states 
preliminary estimates indicated that the three-hinged arch would 
somewhat more expensive than the fixed-arch type. correct 
the first statement, but mistaken the second. Only rough 
estimate was made for fixed arch this site, making certain assump- 
tions the depth rock. Careful designs and estimates were then 
made for three-hinged arch, compare with the other. The writer 
had charge both estimates, and made the design and estimate for 
the three-hinged arch. has copies these estimates before him 
writes. the same unit prices are taken for the three-hinged arch 
for the fixed arch, the saving would about 30% for the former. 
Therefore the average increase unit price for the three-hinged arch 
would have 43% order that might cost much the fixed 
arch for this site. When these estimates were obtained, there was 
information hand the depth rock, was decided build 
the three-hinged arch, was certain that the material would carry 
the load arch this type compressing slightly, and would 
not injure the arch. 

Figs. 10, 11, and show the details the hinges and. the method 
connecting them the steel ribs the arch. will seen that the 
forms continuous structure between the abutment hinges, with 
additional hinge the crown. 

When the design the Rye Outlet Bridge was under consideration, 
the writer also investigated three-hinged arch for this site, Mr. 
Gregory’s request. the height the roadway was fixed, and also 
the water line, the design was limited short arches, unless was 
admissible construct them with ratio rise span more than 
six, very high piers. was thought inadvisable this. With 
short arches the three-hinged type showed such slight saving over the 
fixed type that the latter was adopted, the piers were founded 
bed-rock. 

Mr. Gregory wrong supposing that the pier shown the paper 
one those the Rye Outlet Bridge. reference this pier, the 
paper states that, “The first braced pier somewhat similar those 
the Rye Outlet Bridge.” The thrusts, shown acting the top 
this pier, are assumed, and, far the writer knows, they may not 
anywhere near those the piers the Rye Outlet Bridge. They 
were taken arbitrarily, and the piers were designed suit the thrusts; 
therefore the writer see how the investigation mentioned 
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Mr. Gregory has any bearing this case, however valuable may have 
been for the purpose which states. 

The method constructing arch, described Mr. Wilson 

Smith, very satisfactory one, the arch plain concrete, 

but, with all due respect Mr. Janni, who states that has con- 
structed reinforced concrete arches this manner, the writer cannot 

believe that economical. The difficulty fitting the great number 

bulkheads around the steelwork very great, and the expense very 

heavy. Pittsburgh, Pa., reinforced concrete bridge, with main 


18,4 holes to be drilled in the field 


HALF END HALF SECTION 


ELEVATION 


SECTION AND HALF PLAN 
UNDER SIDE OF HINGE 
4 castings complete with bronze 
lining will be required all alike, 
but two pins only will be required 


DETAILS CROWN HINGE 


“<— These corners need not be sharp 
>» nor accurate if sufficient dove- 
f tailing be obtained to hold 
Eves lining cast in — bronze lining in place secarely 
HALF SIDE ELEVATION 
h 
AND HALF SECTION 


DETAIL OF PIN AND SOCKET 
1 0 1 2In 


arch 216 ft., two separate ribs, now being built 
this method. With slight modifications, the same method has also been 
used extensively America, and also Germany, for plain concrete 
arches, and has proved very satisfactory. 

The main arches the Walnut Lane Bridge, Philadelphia, Pa.,* 
were built sections, leaving spaces between many 
filled with conerete later, keys. Mr. Janni states that has 
used the same 

The arches the Connecticut Avenue Bridge, Washington, C., 


4 
were also built sections, the spaces between the sections being filled 
Walnut Lane Bridge, Philadelphia,” George Webster and Henry Quimby, 
Members. Am. Soc. E., Transactions, Soc. LXV, 423. 
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8 castings complete with bronze lining wil! be 
required, all alike exoept that in 4 no atigles will 
be required riveted to under side. 4 bronze pins 
will be required, 

Should it be found difficult to cast the dovetail 
grooves to hold the bronze lining In’ place, a lime 
of holes 14" diameter and ',” deep may be bored 
along the line of each groove instead of casting the 
grooves, the holes along the vuter grooves to be 
spaced 6”apart and bored perpendicular to surface, 
and those along the inner grooves te be spaced 12° 
apart, staggered, aud bored radially. 


t into the arch ribs. 
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afterward, but this bridge and also that Walnut Lane were 
plain concrete, and neither case was temporary hinge made the 
abutment crown, Mr, Morison’s method. 

the other hand, many masonry bridges in-Germany have been 
built with temporary stone hinges the crown and the abutments 
insure the passage the equilibrium polygon through these points 
for the dead load, the spaces around these hinges being filled with con- 
crete the completion the bridge. 

Mr. Quimby and Mr. Mensch state that, the fixed arch and the 
three-hinged arch, the thrust the crown about the same, and there- 
fore Mr. Quimby reasons that the thickness the crown should 
about the same, seeming forget the fact that, for heavily unbal- 
anced live load, the thrust the crown does not pass through the cen- 
ter, though the three-hinged arch compelled the 
Rye Outlet Bridge, which was designed for very severe conditions—a 
20-ton road roller concentrated one rib—this was especially so. 
the crown the thrust was about in. from the center; the abutments, 
was more than in.; thus was necessary have thickness 
least in. the crown and more than ft. the abutments 
order keep the equilibrium polygon the middle third. mat- 
ter fact, the thrust the crown slightly less the three-hinged 
arch, account the difference weight the arch itself, but the 
great difference caused the thrust being central the latter case. 
the Rye Outlet Bridge, three-hinged, only thickness in. 
needed the crown and in. the abutments, the thrust passes 
through the center both places, and that the abutments only 
25% greater than that the crown. 

The point made Mr. Quimby, that thickening the arch keep 
the equilibrium polygon within the middle third will increase the 
temperature stresses account the added stiffness, well taken, 
and this one the main objections the fixed arch. How this 
trouble Some engineers assuming much less 
temperature change than the writer believes justifiable, thus 
letting the concrete crack and cause some kind hinge its own 
its strength exceeded. Others allowing higher unit 
stresses the steel and concrete. Apparently, Mr. Quimby prefers the 
former method, judging from his statement what believes 
the maximum temperature variation concrete. 

The cracking the concrete the abutment crown, both, 
which occurs frequently fixed-arch bridges for which sufficient vari- 
ation temperature has not been allowed, will not necessarily endanger 
the arch. merely attempt, the part the concrete, remedy 
the fault the designer, and form hinges its own, thereby readjust- 
ing the stress. These cracks, however, are unsightly, and, when they 
occur, hard convince the layman that the bridge still safe. 


DISCUSSION DESIGN CONCRETE BRIDGES 


The writer has stated that, with regard appearance, the three- 


hinged arch disadvantage, and, when the question beauty 


sufficient importance, would probably not considered, its ad- 
vantage being where economy first importance. 

The maximum range temperature change arch not 
necessarily the change from midsummer midwinter, with the condi- 
“no stress” lying midway between. Unless the arch built 
the spring fall, and some method (such that described Mr. 
Janni) adopted eliminate the stresses due setting shrinkage 
leaving the arch key spaces filled after the conerete 
the arch has been placed, set, and cooled off, this range will much 
higher. these precautions are not taken, the condition “no stress” 
the arch the position occupies the setting temperature the 
concrete, and any variation from this position causes deformation 
the arch, and, therefore, stress. The variation will all one way 
the bridge built the summer. The steel the arch has effect 
preventing cracks the concrete, fact, generally causes them 
occur more quickly than were not used. Many engineers have 
had this experience building various structures. building the 
retaining walls for the Pennsylvania Railroad terminal, New York 
City, was found impossible make the length the sections 
wall greater than ft. without cracks.* The reinforced concrete 
floor beams, which carry the concourse floor vault light construction 
the Railroad Station, New York City, show cracks 
where they join the columns almost 50% the points. These were 
built continuous beams over great distances, and the setting shrink- 
age caused the cracks. The beams are not necessarily unsafe because 
these cracks. 

1908 high, heavily reinforced conerete retaining wall was built 
along the railroad yard the water-front St. George, Staten Island. 
several thousand feet long, and was built without expansion 
joints. the fall that year the writer was informed, one the 
most prominent engineers connected with this work, that expansion 
joints had not been provided they were not needed, the quantity 
steel being sufficient prevent from cracking. The writer had seen 
some the effects this before, 1909, inspected care- 
fully about ft. this wall, and that length counted cracks 
extending from the base the top, and extending part way, making 
average about one crack every Through these 
cracks water was issuing various heights. 

similar experience was had the top the Cross River Dam. 
George Honness, Am. Soc. E., Division Engineer charge 
its construction, states that:+ 


Transactions, Am. Soc. Vol. 334. 
Transactions, Am. Soc. E., Vol. pp. 411-413. 
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“It was not expected that the use these rods would entirely 
eliminate the temperature cracks, but was hoped that would 


vent their concentration few large 

was not effective preventing the concentration the cracks,” 

The following example how greatly concrete 
shrinks setting. work with which the writer was connected, 
ing consisting very deep and heavy concrete slab with reinforcing 
bars in. from the lower surface. The concrete 
was cut from around few these bars for distance about ft. 
All when -released, sprang out line, thus showing that the 
shorten the steel compressing Theoretically, these bars 
were carrying tension 16000 lb. in. reality, they were 
compression, and-the concrete was not only carrying all the 
but was also the steel. 

Many experiments have been made order the rise 
cement mortar, neat and various 
and during setting. some tests the Universal 
land Cenient Company neat cement cubes, the average temperature 
after the ‘case ‘of concrete, the initial temperature, 70° 
hours. Watertown Arsenal, few years ago, tests: 
temperature was and the Fahr., 
embedded the masonry the Boonton Dam indicated 
rise about the same. 

Madison, Me., built: the and Whitney Company. 
the concrete was placed was first heated 70° 
Fahr. The average atmospheric temperature was and that the 
concrete 108°, showing rise 38° after being placed, spite the 
exceedingly low outside temperature. 

example the low temperature which may ‘reached 
bridge arches the Northern showing the results 
tests the Squaw Creek Bridge, at: Ames, Iowa, interesting. 
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Atmospheric 
Date. Depth concrete, temperature, Temper 
Fahrenheit. Fahrenheit. 


3.0 

7.5 
15.5 
15.5 106 
15.5 110 
16.5 
15.5 118 
26.25 119 
35.0 119 
35.0 116 
87.0 116 
118 
37.0 113 
37.0 110 
37.0 109 
87.0 118 
37.0 114 
87.0 106 
87.0 104 
101 
87.0 


Mr. Maxwell has given brief account the range temperature 
experienced the Walnut Street Bridge, Des Moines, Iowa, and 
readers are referred synopsis his original report this bridge, 
and also some others.* Many the data herewith presented have 
been obtained from Mr. valuable report, Tables and 
taken from that report, are interesting. 


TABLE Tests Squaw Creek Ames, Iowa. 


Thermometer. 


Maximum. Minimum, Range. 


84.7° 
79.5° 2.0° 
80.5° 8.0° 
81.9° 


The coils were different portions the structure, and at. differ- 
ent distances from the surface. Coils Nos. were placed the 
concrete where the arch joins the abutments piers. No. the 


Engineering and Contracting, November 12th, 1913, 
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Sr. 


Minimum Maximum - Range of 
Coil No. temperature, temperature, temperature, 
degrees, degrees, egrees, 
Fahrenheit. Fahrenheit. Fahrenheit. 


Average range......... 


FROM JANUARY 1912. 


emperature | mperature 

Coil No. of concrete, of concrete, hours 
Fahrenheit. 


Averages 


center the pier, Nos. and the center the arch half 
tween the springing line and the crown, and Nos. and the center 
the arch the crown. The arch not exposed its upper side, 
there earth fill above it. Coils Nos. and are about in. 
from the surface, and Nos. and about in., consequently the heat 


108 
102 
—9 86 % 
87.6 
| 
79.3 
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generated the setting would dissipated much more rapidly 
Nos. and than the others. Conversely, these four reach 
temperatures much lower winter and somewhat higher summer 

than the others. the upper surface the arch protected 

earth fill, the range there probably not great would 

the arch had open spandrels, therefore the variations are the con- 
servative side. 

evident, this case, that the set and the arch took 
its shape temperature more than degrees. Any deviation 
from this temperature, then, would cause stress the arch. all 
the thermometers the arch itself reached zero, went below zero, 
during the following winter, the arch was subjected stress due 
variation more than 90° from the normal. The arch was de- 
signed for variation 40° each way from the normal, therefore 
was subjected times great range that for which was 
designed. What likely happen such Probably the 
arch will either near the abutments, the crown, 
both. the arch the abutments piers much deeper, and there- 
fore much more rigid, than the crown, the cracks are more likely 
appear there. When the concrete cracks, the stress readjusted, 
and the arch has formed somewhat hinge for itself. stated 
previously, the arch not necessarily endangered these cracks, 
they cause readjustment the stress, but they are unsightly, 
and difficult convince layman that the arch perfectly safe. 

his report Mr. Maxwell states that that time there were 
the Walnut Street Bridge, but the Squaw Creek Bridge 
there are unsightly cracks the exact point computed maximum 
stress three the four corners the bridge. also states that 
the Locust Street Bridge, Des Moines, Iowa, there are cracks 
the crown each the shore spans. 

all these arches were designed for variation 40° each way 
from the normal, Mr. Maxwell concludes that for northern latitudes 
variation this much should allowed, and that: 


“Particular circumstances may demand that greater variation 
used for drop temperature prevent the appearance cracks.” 


This conclusion was reached the writer some years ago. If, 
the face these facts, engineer willing design bridge for 
variation only 20° each way from normal, Mr. Quimby seems 
propose, and then lets the bridge crack and form its own hinges, the 
writer freely admits that will cheaper bridge than three- 
hinged arch designed for reasonable stresses. 

admitted that, stone hinge used arch, the friction 
the hinges should taken into consideration computing the 
stress due change temperature, but with metal hinge, such 
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that the Traver Hollow Bridge, the amount would so. small 
negligible. The writer would like call Mr. Janni’s attention 
the details these hinges arch rib, Figs. 10, 11, and 12. 
will see the span of.the arch 200 ft., and that the diameter 
the pin the abutment hinge about in., and the crown 
therefore the maximum deviation his lines, and P,, would 
in. 110 ft., which certainly not very serious, say the least. 
The pressure these pins about 12000 lb. per sq. The socket 
for holding the very heavy and rigid, cause very nearly 
the socket and then. finished fit the pin accurately, The metal the 
body the hinge cast steel having elastic limit 000 and ten- 
and reduction area 41.5 per cent. sample this steel, 
thick, was bent 180° around diameter in. without.a sign 
cracking either the outside inside the bent The 
socket casting was lined with “Monel” metal casting 
place and fit the pin The pin ‘was 
alloy approximately the following composition: nickel 68%, copper 
31%, and iron per The writer has sample this metal which 
follows: tensile strength, lb. and elastie limit 
lb. per elongation, 35% in.; reduction area, 54.7 per 
Now, with this metal bearing for the hinges, even there 
was the concentration pressure which Mr. Janni thinks serious, 
there would still factor safety the elastic limit the 
material, and this, the writer thinks, sufficient. 

For the bending moment due friction the pin, the coefficient 
friction and lining may assumed The best 
authorities give this coefficient, for metal metal, dry, from 0.15 
0.25; and, this bearing bronze, it: will probably 
nearer the lower limit, that 0.20 conservative. 
The total pressure the pin about therefore the bend- 
ing moment the friction the surface the pin, with 
arm in., will 2000000 0.20 1.5 600000 which 
would the moment caused the pressure line deviating from the 
center line in., the pressure decreases the dis- 
tance from the pin increases. 

Mr. Janni speaks taking care the stress due dead load and 
that due shrinkage neutralizing their effects, much possible, 
the method mentioned previously, that is, building the concrete 
the arch sections and leaving key spaces between them filled 
after the cement has than days, states. His 
reference neutralizing the dead load stresses supposed mean the 
stresses caused the pressure line for dead leaving the center 
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line the arch and thus causing bending moment, 
pressive stresses, caused the.dead load, cannot neutral- 
ized any way. All necessary accomplish this design 
the arch that the center line the pressure line for.the dead. loads 
on, the .When load has obtained, very easy 
can be.found, for fixed arch, neutralize the stresses due set- 
ting, but is, certainly, very expensive; and does not affect the, stresses 
due change from the atmospheric temperature which the arch 
was cast the extreme variation either way. 

any the Northern States the average temperature for June, 
July, and higher than 70°, and the winter temperature, goes 
well below zero frequent intervals. Therefore, any open. spandrel 
arch built the Northern States during these three. months, the 
drop temperature will probably be—as conservative estimate—at 
least degrees. Mr. Maxwell has shown that, Iowa, 
the range will much more than_that, 

all arches could built between March 15th and May 15th, 
between September 15th and 15th, this trouble would: not 
and method neutralizing the stresses due setting, similar 
Mr. Janni’s and allowing range 40° each way from the normal, 
would probably insure the arch against cracks. 

flanges should least twice thick shown Fig. it. 
not practicable approach the steel beam flange with 
The proportions used the Traver Hollow Bridge are 
shown Fig. 10, 

The writer, however, cannot. see that much danger these 
flanges being broken off, the load the arch carried false- 
work distributed load across, its lower paneling 
the sides is. light construction and not independent, the 
falsework, therefore has move with it, and, the movement 
the falsework caused corresponding movement the arch, the 
whole structure must, necessity, move together. 

may interest. state that the writer letter from 
the contractor who built.the Traver Hollow Bridge, stating that 
difficulty was experienced its construction. 

The writer will admit that, piers are built flowing 
stream, which there are quantities tree trunks with boughs 
all nicely trimmed off short distance from the trunk, that they 
can catch anything with which they come contact, shown 
Mr, Aylett’s Fig. there might danger quantity drift 
collecting around the However, does not believe that there 
much danger object, after being cut-water, 


Mr. 
Smith, Sr. 
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being drawn again quickly enough caught the down-stream 
leg the pier. can see danger whatever tree trunk being 
deflected the cut-water and then running again with its butt 
between the legs the pier, and then swinging around and hanging 
there. The cut-water throws the water away from the pier, and, 
account this obstruction, the water will slightly higher 
passes, and hence the velocity will Any object deflected 
the cut-water will carried away from the pier slightly this 
elevation the water, instead being drawn in. 

streams subject heavy floods, where any obstruction the 
channel would serious, that wide piers 
out the question, and undesirable, matter what the economy 
would theory. The writer does not wish understood 
claiming that the braced pier shown should adopted all cases, 
any means, for believes that the conditions every important 
bridge should investigated carefully. thinks, however, that 
the braced pier worthy investigation when the design for bridge 
taken up. 

Mr. Mensch mistaken thinks that the writer claims, 
general thing, that the concrete three-hinged arch about 
50% less than one that fixed, and statement that effect 
was made the paper. This happened case where the com- 
parison was unusually favorable the three-hinged arch, the pro- 
portion rise span almost The writer used this arch 
because had designed some years ago for the Rye Outlet Bridge, 
and had all the dimensions hand, and wished compare three- 
hinged arch with it. There are five arches the Rye Outlet Bridge, 
and this the center span taken for single-arch bridge. 

interesting fact that though this comparison favor- 
able for the three-hinged arch for single span, when applied the 
Rye Outlet Bridge there very little difference cost, not more than 
about 4%, one does not take into account the steel reinforcement. 
The reason for this that the bridge piers are high and the super- 
structure massive that the total cost the arch concrete only 
13% the cost the bridge, and 0.48 6.25% without al- 
lowing for the cost the hinges. Taking these into consideration, 
the difference reduced about per cent. 

stating the conclusions the paper the writer did not mean 
claim that every individual design would necessarily agree with 
these conclusions, but that were true the average case. 
thinks that the paper has brought out valuable discussion 
subject which, heretofore, has not been treated length, and 
glad that the matter was brought up. has not found anything 
the discussion, however, cause him change his conclusions, 
but has been further strengthened them. 
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the design reinforced walls, often necessary 
find the stresses beams with faces inclined each other, 
the toes, heels, face-slabs, and counterforts such walls. other 
cantilever constructions, the upper and lower faces are often inclined 
each other, that the subject one importance, and practical 
“solution offered this paper. 

First consider the beam, the upper 
lower face, supposed. This 
forced retaining wall, and sub- 
jected soil reaction, acting vertically up- 
ward, which produces shear and stresses 
due. the bending moment, any vertical section, 

effect practical solution, will assumed that all the com- 
pressive bending stresses act parallel the top face, down 
the neutral axis. This the direction the stress any point 
the upper surface, for, consider small rectangular. parallelo- 
piped the concrete with faces parallel and perpendicular 
beam extends above produce shear, and there external 


Fig. 1. 
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force acting except the atmospheric pressure, which does 
not the must follow that thete can 
planes perpendicular each other are equal.* Consequently, the 
it, parallel the conclusion has been proved experi- 
mentally Messrs. Wilson and Gore, their exhaustive experimental 
work india-rubber model They state, one conclusion: 
“The maximum principal stresses down-stream face act 
planes normal that face,” and add foot-note, “This agrees with 
Rankine’s statement and with theorem 
Levy.” the discussion that paper, the same point was brought 
out several speakers. 

then plain that the compressive stress Fig. similarly, 
acts parallel the face, this were homogeneous beam, the 
tensile stress would similarly lower face. Con- 
sequently, going from the intermediate bending stresses 
would gradually change their direction from Hence 
the forégoing assumption, that all the compressive stresses parallel 
workable formulas. 

its use for reinforced beams, however, may 
stated that the neutral axis generally above the mid-point 
area under compression often only one-third the whole area 
the cross-section, even the resisting moment the 
compressive stresses mainly due the larger stresses near with 
Finally, and most important ‘all, the assumption always the 
side safety, will appear more fully later. The assumption 
evidently near the truth for small values but departs from 
the truth increases, and possibly should limited values 
below some limit, say 45°, assumed 


the writer, Transactions, Soc. Vol. LXIV, pp. 220-221. this article, the 


directions and amounts the norma! stresses, various points horizontal 
section of a dam, are computed. 


Minutes Proceedings, Inst. E., Vol. CLXXII, Session, Part 


The same state affairs exists the so-called beams equal strength,” having 
variable depth, where the ordinary theory the books plainly inadequate. 
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When the external Fig. acts downward, the compressive 
area below the neutral axis, and the reinforcement will placed 
parallel and near All the compressive stresses now act 
parallel the lower face, the common theory. 

the reinforced side axis, and that plane sections before 
stress remain plane sections after stress, will but 
the latter hypothesis expected apply when 

general solution will now which includes every 
case. special derived from this general solution. 


STRAINS CROSS-SECTION 

(a) and (b), Fig. are shown two longitudinal sections, and 
section the beam taken always parallel the direction the 
loads, which may weights, soil reactions, earth thrusts, ete. The 
shear due the loads thus acts along and the moment the 
same for any point the section. 

For the breadth, let A,, A,, represent the areas the 
cross-sections (taken right angles the axes) the bars, 

that the total stresses the successive layers bars, 

The angles, B,, (expressed radians). are those 
made the surface, N’, bars bars respectively, with 
the normal the section, 
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Let the neutral axis and the point where the resultant, 
the compressive forces (all acting parallel N’) meets 

perpendicular distance, from it. The P’, parallel 
section made the plane and the distance, will 
and, the unit stress right section the fiber, the 
total compressive stress the fiber will cos. 

After strain, suppose the plane section, rotates relatively 
supposed plane, the ordinary theory. 

For any fiber, whether concrete steel, 

change length fiber 


unit stress length fiber 


where, modulus elasticity fiber. 
Let modulus elasticity steel, 
“ “ “ “ concrete, 


and, 


Within working limits stress, and for the very small values 

corresponding very small values the change length 

this fiber, P’, Equation 

Hence, this unit stress right section the fiber acts the 
right sectional area, cos. the total stress the fiber 


and its component perpendicular 


a). 


v sin. a 


cos. (a+ B) 


tends toward 


zero, this approaches asec. 


9 
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The sum such components the compressed area depth, d,, 
and breadth, 


since the statical moment the area under compression 
0 


For the layer bars similarly, the unit stress 
Also, the area right section bars for the breadth, A,, 
the total stress the bars 


all the loads the beam were supposed ‘act parallel 
the part the beam the left this section equilibrium under 
the loads and reactions acting and the internal stresses along 


For equilibrium, the sum the the stresses 


From Fig. 


substituting these values, striking out ‘the common factor, 
and reducing, derive, 

1 ; 


From this quadratic the value computed, and thus 
can found and the neutral axis located. the com- 


pressive stresses are ON; therefore, 


%50 STRESSES REINFORCED CONCRETE BEAMS 


The Resisting Moment, M,, the Steel—The moment, 
the section, due the external forces, equal the resisting 
moment the stresses acting along the the perpen- 


the unit stresses bars vary directly with the distances from 
the neutral axis. The unit stresses the interior bars will thus 
always less than f,, that such arrangement bars un- 
economical. 

preferred, after locating the point, drawing, the per- 
pendiculars, can measured scale; otherwise, they may 
computed readily the formulas given. 

the resisting moment the steel, M,, less that the 
concrete, for assigned maximum unit stresses, then the moment, 
the external forces put equal the right member Equation 
the value ascertained, and, from Equation the values 


For rough computations, A,, may often ignored, which 
case can write, 


The Resisting Moment, the compute M,, 


the position the resultant, the stresses the bars, must first 


found. The magnitudes the forces acting the bars 
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and, these are proportional f,, the direction and line action 
are the same for any value and hence for 
then 
1 
Suppose the resultant cuts then, taking moments about 
1 1 


The right member, presumably, has already been computed ap- 
plying Equation hence quickly ascertained and the point, 
located. 

Call the maximum unit stress the concrete the unit 


cos. hence the stress the fiber 


and the sum such stresses 


Taking moments about 


If, for assigned maximum values M,, the beam 
over-reinforced and placed equal the right. member 
Equation its strength 
now limited that 
the concrete. This case 
rarely occurs practice. 

application the formulas, 
take the counterfort, 

Fig. attached the face- 

earth thrust 123 750 acting the left and 9.06 ft. above giving 
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sponding Fig. taken parallel the load (the earth thrust), 
and therefore horizontal. 

The width the counterfort in. The inclined bars 
have total sectional area 9.45 in., and the vertical bars, 
common area, 0.784 sq. in. Using the foregoing notation, 
ured from from the front face the vertical slab: 128, 
Assume 15. 

substituting known values Equation derive 0.311. 


From Equation have, f,; whence 
per sq. in. 

the weight the heel-slab must carried the rods, the 
areas and spacing the vertical rods were designed carry their 
proportionate part the weight the heel-slab: The stresses corre- 
This excess taken the bond stress short distance above 
that, above certain level, only the moment stress correspond- 
ing that level carried the vertical rods. 

The total stress the inclined rods, 11500 9.45 
108 675 is, course, less than the stress; 127000 found 
ignoring the influence the vertical rods. last stress most 
easily found use the diagram, Fig. and Equation 11, given 
later. 


This example the counterfort has been given more for the purpose 
gaining the actual stresses involved than urging the 
adoption the more refined method practice. 

the diameter bar some multiple in., there may 
saving the use the more exact method. must re- 
membered, too, that the vertical bars are not always 
the base-slab, the earth thrust may also much increased times 


i 
x 
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heavy rains, where the filling not adequately drained; and, further, 
the foundation may more yielding than estimated. 

the next example, Fig. 
representing the heel 
T-wall with fillet, the wall 
being the point over- 
turning, the exact method 
seems advisable. 

The total moment the 
section, due the two 
forces shown, 


5333 ibe. 


The reinforcement, the broken lines, for both inclined 
and horizontal bars, consists square bars, in. from center 
center, corresponding 1.15 sq. in. for breadth 

and substituting Equation 


find, after solution, 


Where the foundation good, there only very small 
moving over the wall, that the friction force, 5333 
can neglected and the soil reaction included. this particular 
example (not given full here) the new values and thus 
found, are only four-tenths ‘those given previously. 


STRESSES REINFORCED CONCRETE BEAMS 


the Rods Lie One Plane 
the Section, N,in Line I.—Fig. 5.— 
The rectangular section has the breadth, 


a 


and, before, represents the com- 
bined area right section all the 


' 


with the usual notation, put and 
the unit stress the rods. Equation now reduces 


steel area 


concrete 

when this reduces the usual formula for prismatic beams, 


the dotted curves for various percentages steel and values 
varying from 40°, assuming 15, 
The resisting moment the steel found taking moments 
about 


where the perpendicular distance from the bar. 
The resisting moment the concrete found taking moments 
about 


For assigned maximum working values and f,, the least re- 
sisting moment equated the moment the external forces. 

using Fig. note that not the percentage steel, but 

Resuming the example the counterfort, Fig. what will. the 
result ignoring the vertical 9.45 sq. in. and 


Se 
' 
) 
ikd 
| 
P» 
ja; 
' 
' ‘By 
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5 o nan 


2.0% 


Reinforcement 


1,0% 
Percentage 


B= 
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9.45 
and the steel percentage 0.4, 
Hence, the moment the earth thrust was given 

therefore the stress the 
lb. per sq. in., place 500 


0.004, the steel percentage 0.4. Using Fig. with 24° 


rods being included. 

Special Case.—Where the Rods Lie 
One Plane, for Which But 
Not Zero.—Fig. 7.—Putting 
for d,, and for A,, Equation reduces 


Therefore, before, putting ba’ 


steel. Equation this case, reduces 


produced, 


q 
q 
Ti f 
' 
‘a! 
A 
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are given for various values and The values for pertain 
prismatic beam. 


100 0.2 0.6 1.0 1.6 2.0 
0.200 0.308 0.359 0.411 0.441 
10° 0.199 0.299 0.352 0.408 
30° 0.169 0.251 0.294 0.351 
40° 0.212 0.246 0.276 


seen from the tabular values and Equation 15, that 

the ordinary theory, given textbooks “strength mate- 
for homogeneous “beams equal strength” with variable depth, 
vertically loaded, assumed that any vertical section the theory 
for prismatic beam applies; which entails the postulate that the 
bending stress any point the section acts perpendicular it. 
The theory thus inadequate express the facts, because was 
shown, the beginning this paper, that the stress Fig. 
acts parallel the face, N’, 

This common theory, extended reinforced beams the type 
shown Fig. the side danger, for would give, for any 
matter fact, the compressive stresses, Fig. act parallel 
only and gradually take less inclination the normal 
points are taken farther down the joint. Thus M,, given 
Equation for less than the true value, and thus 
the side safety. The true value lies between that given Equation 
for the assumed value supposed greater than zero, and 
the value for doubtless lying much nearer the former value than 
the latter because affected greater extent the larger 
stresses near which are nearly parallel and have longer 
arms, than those smaller stresses nearer the neutral axis, with their 
shorter arms. 

The case where leads the ordinary formulas for 
reinforced beam, for which valuable working diagram 


Transactions, Soc. E., Vol. LVI, 1906, 362. 
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part the lying between two sections, N’, perpendicular 
the plane the paper and parallel the direction 
and apart. These sections are rectangular, having the breadth 
The beam supposed reinforced with the rods 

Let and denote the shears due the loading the 
resultants the compressive stresses, and the 
the tensions the bars, the sections, N’, respectively. 

these forces, with the directions given the arrows, its 
weight and load; but the weight and are equal 
that contains factor, infinitesimal, compared with the 
served, also, that supposed act 
the same line because ap- 
proaches this position indefinitely 
tends toward zero. 

Suppose that meets the section, 
the forces equilibrium: 


Taking the neutral surface paral- 
lel the surface, N’, and calling 
the unit shear along this neutral surface, the area which is, 

shears, acting upward along downward along 0’, re- 
sultants, C’, and the shearing stress, sec. acting along 
Hence the algebraic sum the components zero. 
Therefore, 

Substituting this value the preceding equation, dividing 
then taking the limit, approaches zero and approaches 
definitely, found that 


V. 
bDG 
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The point, can found without knowing the stresses the bars, 
previously. This unit shear, exists from the neutral 
surface the bars nearest it. 

The case most frequently met where all the steel reinforcement 
placed the plane through perpendicular the plane the 


v= ja. d cece esos (18) 


From Fig. can found when either zero, when 
both the latter case; Equation well-known for- 


mula, and for approximate values, 0.875 often used. 


The maxinium shearing stress given the last equation remains 
the same for points between the neutral surface and the steel. Above 
the neutral surface, decreases, the usual parabolic law, zero 
The unit shear, acts parallel N’. 

Bond Fig. first suppose the steel bars lie only 
the plane, For the breadth, let the total tension the bars 
acting the direction and the corresponding tension 
t,), transmitted the bond between the concrete and the 
steel. 

Let bond stress per square inch surface the rods; 

=the surface area one bar for in. length (equal 
the perimeter) 
surface area all the bars the width, for in. 
length. 


equilibrium, 


Dividing dz, taking limits approaches zero, and replacing 


V 
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value, often used. 


The formulas for both shear and bond stresses, Equations 
and 19, are the usual form, corresponding They 
are more general than for the latter case, and only necessary 
substitute the proper value for the values and as- 
sumed obtain the proper values the stresses. 

let u,, indicate the unit bond stresses and 0,, 
the areas per linear inch surface the rods, for the width, for 
the respective bars; then the total bond stresses 
are 


Taking moments about and proceeding before, easily derive, 
Now, the unit bond stress any rod proportional the unit 
elongation the rod, its unit stress, which varies with the dis- 
tance from (See Equation 6); hence, for the same loading, 


Therefore the previous equation reduces 
From this equation, found; then, from Equation 20, 

the interior bars are ignored, and found from the simple 
formula, Equation 19, within safe limits, follows that the true 
bond stresses all the bars are less, and are therefore within safe 


limits. 

The application Equations and obvious. Equations 
and are unusual forms, may prove service the computer 
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the shear and bond stresses for the heel-slab with the fillet, Fig. 
already considered. 

The tension the bar which makes the angle, 43° 10’, with 


11.5 
the ratio, and the point, where the resultant the 
two tensions cuts the same for two forces magnitudes 
and 0.361, having the same positions and directions. 

Let the sum the horizontal the two forces 
supposed. Therefore 
Taking moments about 


Therefore, 82.1 in., and the maximum shear 


Both the inclined and horizontal reinforcement consists 
square rods, spaced in. from center center. Therefore, 


Also, from previous computations, 

Therefore, Equation 21, the unit bond stress, u,, the inclined 
given 

11.5 18.2 

Therefore, 76.7 per sq. in., and the unit bond stress the 
horizontal rods 


11.5 
76.7 7.5 lb. per sq. 


what precedes, there much that may appear novel. The prob- 
lems that occur practice pertain two different classes beams. 


Us = 


333 
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taken perpendicular the face the compressive side, and 
the bending stresses there act perpendicularly the section, 
the ordinary theory, beams the second class, Fig. the 
section, not perpendicular the face the compressive side, 
and the compressive stresses are all assumed act parallel the face. 
possible that this assumption, alone, will open criticism, 
for, accepting the hypothesis, all the results follow readily from simple 
mechanical laws. 

The writer invites careful criticism this hypothesis, with the 
accompanying deductions, strict solution beams the second 
class doubtless impracticable, but the writer believes that has 
effected practical solution which the side safety and may 
commend itself the practitioner. 
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DISCUSSION 


any discussion the opportunity and legitimacy the assumption 
which this work hinges, the writer wishes call the author’s at- 
tention little mathematical “license” which took simplifying 


the whole mathematical “make-up” all the formulas which depend 
that “lapsus 

There doubt that, tends toward zero, may sub- 
stituted for this simplification being entirely legitimate; but, 
tends toward zero, the expression cos.(a does not tend toward 
any means. 

The author knows that cos.(a purely symbol certain 
operation performed, and not actual value; its value 


may operate his simplification. Thus his should 


toward zero, mathematically correct simplification. 

Concerning the assumption adopted the author order to. find 
“workable formula” for the compressive stress concrete, and 
also some his statements, the writer cannot quite agree. Two ques- 
tions are before him, namely: 


need that formula? 
that formula workea out 


the writer’s opinion that neither these questions can 
answered the affirmative. 

Theory quite competent take care design wedge- 
shaped beam, necessary, despite what the author says. the cross- 
section wedge-shaped concrete beam rectangular, and the angle, 
not large, the common formula for bending sufficiently good 
give the maximum compressive stress the concrete. 

fact that the formula entails the truth—which, the way, 
not postulate—demonstrated Saint-Venant, that all bending 
stresses any point act perpendicularly the cross-section; but this, 
the case where not very large, does not prevent the formula 
from giving result sufficiently near the truth insure the maxi- 
mum stress. 

That the direction the maximum stress, the case Fig. 
parallel the top, the beam, and which the author lays 


* See foot-note, p. 748. 
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much stress, is, nowadays, mathematically ascertained.* the case 


dam design, that direction capital importance, and the failure 


recognize it, the overlooking it, the design some dams, 
has often been the cause loss thousands -innocent lives and, 
perhaps, millions dollars, wedge-shaped beam, however (or 
counterfort), the conditions are such that the direction 
maximum compressive stress can ignored most cases. 

the cross-section the wedge-shaped beam not rectangular, 
then, with proper limitations, the usual formula determine the prin- 
cipal stresses, reported many textbooks, can used. This formula 
is, precisely, designed for beam taking unknown quantities 
certain inclined. stresses, called “principal stresses”, instead the 
normal stresses that section, and, really, this the most logical 
way designing beam, although the common practice, for opportune 
reasons, follows that the bending and shear formulas. 

Winkler, 1867, far the writer knows, wrote this sub- 
ject, and, after him, Culmann, Ritter, Guidi, and others treated the 
same question; that the conception cannot appear novel, the 
author seems think, least judging some his remarks. 

If, finally, the inclination Fig. large, then Grashof’s 
formula, with due limitations for the case reinforced concrete, may 
used. 

view all the foregoing considerations, the writer thinks that 
there need formula for the case point, and that, after all 
the arbitrary assumptions the author reaching his “workable 
formula”, admitting its correct mathematical “make-up”, its results 
are much farther from the truth than those given the existing 
formulas, which, all cases, are very reliable. 

necessary, accordingly, take into consideration the author’s 
assumption finding that formula, and, consequence, its mathe- 
matical reliability. 

the writer said before, very well known that the extreme 
top compressive stress parallel the beam top as, disregarding 
the friction the soil, Fig. the maximum tensile stress parallel 

The author states that the maximum tensile stress that region 
the beam would parallel the beam were homogene- 
ous one, 

Even the beam were homogeneous, friction not disregarded, 
the maximum tensile stress, the bottom beam, not parallel 
the bottom face. 

When the beam heterogenous, the author’s case, equili- 
brium conditions not change, friction included; the only dif- 


Levy, Annales des Ponts Chaussées, 1897; and Platzmann, Ueber den Quer- 
schnitt der Staumauern, Leipzig, 


STRESSES REINFORCED CONCRETE BEAMS 


ference being that, usual, the tension concrete disregarded, 
that the designer inclined disregard its direction, also, unless 
not case scientific research. 

Now, the maximum compressive stress being 
parallel the top, and the maximum tensile stress 
(always disregarding friction) being parallel the 
bottom, the intermediate bending stresses, the au- 
thor says, change gradually from 
LI, Fig. matter fact, those inter- 
mediate bending stresses not change their direc- 
tion gradually the way the author means. Fig. 
gives idea the behavior the internal 
the angle The author, however, states that, 
for the purpose finding “workable 
must assume that the intermediate compressive 
bending stresses parallel the maximum compressive bending 
stress. Such assumption cannot justified, when well known 
how those stresses act, and designer knows how determine them. 
Their direction, which not constant for all, function the 
angle, and not cos. and their position farther and farther 
from the author’s assumption increases. 

Apart from this assumption made the author, which does not 
seem justifiable the writer from any point view, interesting 
study the formula itself. 

Formula which, according the author, gives the maximum com- 
pressive stress the concrete, will taken into consideration. For 
the sake the writer will compare the theoretical formula 
for bending beam constant cross-section, which, when not 
very large, may without any fear going astray, with the 
author’s formula for the same kind stresses wedge-shaped beam, 
using for both the same lettering, Fig. 10. 

The theoretical formula for bending beam constant 
rectangular cross-section 


Fic. 9. 


The author’s formula for bending wedge-shaped beam 


c 


plain, the author says, that Formula 23, for 0°, becomes 
Formula 22. 
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Formula however, given the writer, presents some other 
information rather interestingly. 

Suppose that Fig. 10, constant section, and that the line, 
rotates about the angle, gradually while 
(external moment), keeps constant, the 
Formula 23, becomes weaker and weaker, until, 90°, 
has resisting power whatever. 

The writer does not think any comment ‘necessary, except 
the closing words the paper: “The writer believes that has 
effected practical solution which the safety and may 
commend itself the practitioner.” 


Fie. 10. 


added, however, that Equation not the only equation 
the author which leads such conclusions; Equation for instance, 
and its derivative equation for “rough computations,” the author 
designates it, are similar statical consistency. 

Equation has been worked enable the finding, according 
the author, the position the neutral axis. 

not clear the writer, however, why the author gives rather 
long equation (which, the way, not correct), when there are al- 
ready several plain methods finding that axis reinforced con- 
crete beam. 

The writer thinks would necessary for the author devote 
few words justification his point view concerning Equa- 
tion 


Mr, 
4 
- 
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his statement that stress, acts parallel The 
writer has the impression that this statement, put the author, 
not another his assumptions, but true and proper theorem con- 
cerning the equilibrium internal wedge-shaped beam; 
and, such, would like further explanation. 


paper reinforced concrete construction before this Society sev- 
eral years ago, the statement was made that the counterforts re- 
taining walls not act alone would show that 
Mr. Cain’s paper important. also seems the writers 
textbooks have neglected devolop theories wedge-shaped beams, 
although quite number such books contain theories nearly iden- 
tical with that Mr. Cain, for curved beams such hooks, 
arched girders, ete. 

Mr. Cain points that engineer apt.to overlook the 
fact that the compressive must multiplied when 
entered the elastic equation, instead which one would 
likely without going deeper into the matter, Probably 
great many mistakes are made this line, yet strange that they 
are made for the compression side the beam, though the tension 
side quite natural multiply the actual cross-section (which 
find the moment the tensile forces. 

For compression members, trusses with inclined members, en- 
gineers are also accustomed consider only the cross-section right 
angles the direction the stréss; therefore, appears the writer 
that only carelessness incompetence the cause the mistake 
complained of. Mr. Cain’s theory stands and falls with the fact 
that plane sections remain plane after deformation. 

His assumption that the compressive forces are the 
compression face certainly permissible all cases where 
centage reinforcement low, say, less than errs only 
slightly side danger. 

The law assumption plane sections remaining plane after de- 
formation certainly one the greatest inventions. modern en- 
gineering, and enabled obtain simple working 
formulas, where formerly rules thumb were used, yet the law 
not universal, and strictly proven only for straight beams high- 
iron section, within the elastic limit, and never 
for the neighborhood ultimate load. 

Professor Schule, Ziirich, about years ago, proved that this 
assumption does not hold concrete beams, even 
under light loads, and why engineers all over the world have utterly 
disregarded these important tests certainly strange. 


The writer, like ask the author the reason for 
anni. 


Mr. 
Mensch. 


Mensch. 


Mr. 
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well-known fact that the plane-section theory for plain con- 
crete beams gives results which vary just 100% from actual tests, and 
still the same theory applied beams. 


the discussion his painstaking 
tests 343 reinforced concrete 
beams, declares that the compres- 
sive stresses the concrete and 
the tensile stresses the rein- 
forcement often differed 50% 
from the theory. the face 
such facts may expected that 
Mr. Cain’s table will differ just much from facts, although 
much better than relying mere guess. 

Tests cast-iron beams prove that such wedge-shaped beams fail 
curved surface which tangent perpendicular lines 
faces the beams, shown Fig. 11. For this reason the writer 
has advised* calculating such counterfort for section, like 
common beam, which greatly simplifies the computations and errs 
the safe side. Engineers are accustomed making similar assump- 
tion concrete arches, when they determine the stresses 
section right angle the center line the arch. view this 
fact, would well the fillet Fig. along line 
about bisecting the angle, which will found the dangerous 
section. 


761 the author computes the shear section Fig. im- 
portant function the inclined 
bar relieve the shearing 
stresses section but the 
author does not take into consid- 
eration the vertical component 
the stress the inclined bar. 
order have equilibrium all 
the vertical acting that 
portion the base the right 
section the vertical com- 
ponent the stress section 
the inclined bar should 
deducted from the total vertical 
load, 333 and the remainder 


will the shear the concrete section 


Reinforced Concrete Pocket Book.” 
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the vertical.components, per foot width the stresses 


333 


Ib. 
333 
per sq. in. instead 47.6 lb. per sq. in. 


Cary, Am. Soo. (by writer would Mr. 
like make correction the meaning Formulas (17) 
and (18), others besides Mr. Janni may inquire the reason for the 
statement that “The unit stress, acts parallel The state- 
ment incorrect; Formulas (17) and (18), the unit shear 
any plane, lying between and the steel bars, perpendicular 

Thus, suppose such plane drawn Fig. and marked 
parallel the direction the loads, point, where the bending 
stress supposed zero, there shear only the plane, and 
consequently shear equal intensity, plane, A’, right 
angles well-known theorem. The total shear the plane, 

For equilibrium, the algebraic sum the components perpendicular 


which the same the equation just above (17). Hence, substituting 
this value the equation derived just before the last, in, 


dividing and then taking the limit, approaches 
approaches indefinitely, found that, 


just given Formula (17). 

Thus Formulas (17) and (18) are unchanged form, but 
now interpreted mean the unit shear plane perpendicular 
lying between the neutral axis and the steel. 

This the maximum shear, being greater than the shear any 
the designer. 

Mr. Janni makes perplexing statement when says: “cos. 
actual value; its value given cos. cos. sin. sin. 
haps this All our textbooks state that the cosine 
any angle, actual value, and gives tables the actual 
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represented certain lines unit circle, aid the formula 
quoted derived. consideration such line values, once 
seen that cos. approaches indefinitely cos. tends in- 
definitely toward zero, and the result follows from using the 

fact, take the equation, 


which Mr. Janni gives. knows, sin. infinitesimal, 
and can neglected comparison with the finite quantity, cos. when 
connected with with either plus minus sign. Thus, tends 
toward zero, without ever becoming zero, the value 
cos. 

The writer cannot agree with Mr. Janni that the direction the 
bending stress the section, varies the manner shown 
Fig. will presently proved that the stress the cross-section 
actual beam varies continuously amount and direction, 
that sudden change direction 90° any point can occur. 

This true even points contact wheel loads, for such loads 
are reality distributed. far dams are concerned, the changes 
the amount and direction the principal stresses along horizontal 
sections have been determined, both theoretically and experimentally. 

Reference has made the experiments 
model dams Messrs. Wilson and Gore. Fig. their 
paper,* giving account these very interesting experiments. 

unit stresses, amount and direction, numerous points the 
dam, were determined from the distortions, and are represented 
the ellipses stress shown the figure. The principal stresses, those 
acting normally their planes, are represented, amount and direc- 
tion, the semi-axes the ellipses. these, the maximum normal 
stresses are given the semi-major axes and are those specially 
interest us. 

will observed that along any horizontal section, these unit 
principal stresses change gradually, amount They 
are also observed act parallel the inclined down-stream face, very 
near that face. the up-stream face, where the 
water pressure, the direction the principal stress nearly normal 
that face, counteract the large normal pressure the water. 

The same general results were first found theoretically Mr. Ernest 
Prescot for dam with the up-stream face vertical, and later 


va 
cos. 


which exactly the formula derived the 


Minutes Proceedings, Inst. E., Vol. CLXXII, Session 1907-08, Part II. 
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the writer* for the up-stream face battered; both; writers adopting 
the usual. approximate trapezoid law for the distribution the vertical 
components horizontal section. 


ELLIPSES STRESS: 
ENDS FOUNDATION SUPPORTED, 
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Fig. represents the changes direction the greater principal 
stresses, computed the writer horizontal section dam, 
200 below the water level, the reservoir being full. For reservoir 
empty, the principal stress the up-stream face would act parallel 
that 

Now, suppose that, for dam the same size shape, but less 
specific gravity, and capable exerting tension, the resultant the 
horizontal section passes much nearer the outer toe beyond it; then 
part the. section would 
tension, but the theory quoted 
shows the continuity 
stress, amount and direction, 
would preserved, and that 
changes either, going from 
the up-stream the down- 
preserved, center pressure the base moves indefinitely beyond 
the outer toe, and the limit, when the weight the 


Transactions, Soc. E., Vol. LXIV, 208. 
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dam neglected and the horizontal ‘section subjected 
bending stress and shear, due the water pressure the 
same reasoning applies the toe, Fig. supposed 
combine with the upward acting soil pressure, the friction be- 
tween the toe and the earth which rests, The resultant this 
frictional resistance, acting the right, and the vertical soil resistance, 
meets the section, produced; giving, the case the 
dam, continuity stress throughout the section. Now, iet the friction 
force tend toward zero, then the point where the resultant meets 
produced recedes indefinitely from but the continuity stress, 
amount and direction, always preserved, and hence preserved 
the limit, where the friction force zero and there only bending 
stress and vertical shear the section, 

Thus, has been rigorously proved that the bending stress the 
toe, Fig. whether not soil friction included,.is inclined the 
angle, the horizontal and this inclination gradually and 
zero. The same result, the continuity stress, holds for 
any kind beam, subjected any kind distributed forces. This 
continuity stress, amount and direction, the gradual change 
both passing along joint, proved above, seems the writer 
without any proof; but others may not think so, hence 
the proof. 

difficult see what Mr. Janni assumes the discon- 
tinuity 90° the direction the stress Fig. Presumably, the 
stresses act the direction the dotted lines. obvious remark is, 
that such directions were the true ones, then the arms the 
sponding stresses are less than those corresponding 
hypothesis; that even the writer’s formulas would the danger 
side for the distribution stress shown Fig. and the ordinary 
formulas, which Mr. Janni advocates, would still farther the 
danger side. There thus inconsistency which fatal Mr, 
Janni’s contention. 

The writer satisfied that Mr. Janni has not read carefully the 
derivations his equations would not have stated with reference 
Equation 


“It not clear the writer, however, why the author gives rather 
long equation (which, the way, not when there are al- 
ready several plain methods finding that axis reinforced con- 
crete beam.” 


mark that the “plain methods” are those pertaining 
beam (the only case ordinarily treated), they are inapplicable 
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From overlooking this fact, Mr. Janni’s Equation 
when not zero. The correct formula, 

2M. 

the aid Table the values can computed for 

about 45°, for given, that, when Mr. Janni, Fig. 10, 
makes 90°, simply erecting “man straw” his own 
order knock him down. 

Further, Fig. 10, show wedge-shaped beam, any dotted line 
must extended the left represent the new upper surface, 
making the angle, with the are thus led Fig. 
where the resistance bending along vertical section decreased, 
compared with the because the stresses 
are now inclined the horizontal and thus have shorter arms than 
for the case the prismatic beam. 

The writer pleased know that Mr. 

Mensch thinks that the “assumption that the 


compressive forces are parallel the compres- 

sion face certainly permissible all cases 
where the percentage reinforcement low, 

say, less than per cent.” The next remark, 
that “errs only slightly the side dan- 
ger”, presumably refers the hypothesis conservation plane 
sections being adopted, the usual theory. Some experiments 
Talbot, Am. E., seem substantiate the hypothesis, 
those Professor Schiile going the other way. For working loads, 
the hypothesis universally used, found give safe results 
for reinforced prismatic beams, hence its adoption the writer for 
the wedge-shaped beam, with the distinct proviso, however, that 
was not used for large values 

Not only this account, but principally because was thought 
that the hypothesis the compressive stresses, all acting parallel 
the face compression, too much from the truth for large 
angles, was limited about 45°, though, possibly, the limit might 
extended the results are tempered with good judgment, 
which means slightly increased factor safety. 

Mr. Mensch the fact that trusses with inclined compres- 
sion members, the right section used. may added that the 
stresses are taken parallel the metal beams with inclined 
flanges. Suppose reinforced T-beam, Fig. 15, with 
inclined flange; would not take the compressive 
stresses the flange acting parallel its surface? seems absurd 


15. 
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horizontal, particularly for the part the flange 

but one step now the beam, Fig. without flange. 

Mr. Mensch alludes that errors are sometimes made 
using the factor, cos. place finding the compressive 
stresses. emphasize this point, should remembered that 
represents the area steel bar, taken right its axis, 
that the unit stress, the total stress the bar is, 
and the stress the fiber thus, cos. being the unit 
stress the normal section. 


where and the sum of'such stresses over the area, is. 


ka 


since the statical moment the aréa under compression 
0 > 


about the neutral axis. 
and the moment about is, 


For the special case given Fig. with and 


Mensch states that has advised calculating wedge-shaped 
beam, Fig. 11, for section, not what, Mr. 
Mensch means statement, for there are mathematical 
the way where the section, not parallel the line action 
the loads, accepting the hypothesis compres- 
sive stresses, the last equation gives the precise result, 


termined for section (say section Fig. 11) through the 
lower parallel the loads and not for the follows 
derivation the formula. 

Formula the simplest possible form, and aid Fig. 
the values read nearly thousandths and the compu- 
tation easily effected. matter fact, the steel percentage for the 
toes, counterforts retaining nearly always very 
low, that the steel the determining factor. any case, both 
and should computed from Equations and for assumed 
values and f,, and the least the two equated the moment 
the external forces; or, possible, the steel section should revised, be- 
cause under-reinforcement most preferable over-rein- 
forcement, leads more progressive, and not sudden, 
case excess loading. 

Mr. Nishkian raises interesting point connection with Fig. 
(referring the case the heel-slab with the fillet), that the verti- 
cal component the stress the inclined rods, for the width, 
should subtracted from the total external shear give the shear 
the concrete section, observed, reinforced con- 
crete beams, that the bending the beam entails the interaction 
steel and concrete, without which the steel under stress 
whatever.. Thus the tensile any bar, section, neces- 
sarily accompanied with reaction equal shearing stress 
the along the entire surface contact the bar, one 
side the section. The steel elongates under stress, and this elonga- 
tion resisted the concrete and the total reaction, for the length 
bar one side the section—the total bond stress—is exactly equal 
the tension the bar. Thus the stress the bar does not relieve 
the concrete shear Even where there are hair cracks 
the tensile side the beam, the full bond stress exerted between the 
cracks, giving rise ordinary shears, and these turn indirect 
tensions and compressions the parts intact, which play indispens- 
able transmitting stresses and maintaining the integrity the 
beam. 

deduce formula for shear, only part the beam, such 
represented Fig. considered. actual beam, repeatedly 
pointed out, the are not all parallel the face 
compression, but their inclinations the normal become less 
neutral axis approached. Fig. the hypothesis parallel 
compressive stresses used establish approximately the point, 
the point where the resultant, the compressive stresses cuts 
now thought the resultant the actual compressive stresses, 
having varying inclinations and calling its inclination the 
normal the formulas which lead Equation are unchanged, 


Mr. 
Cain. 


Mr. 
Cain. 
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provided substitute for The angle does not appear the 
final result. realize further the conditions actual beam, ten- 
sile stresses conerete must supposed. between the neutral axis 
and the point where the hair cracks are Although, 
the ordinary theory, such tensile stresses are ignored, yet 
because they actually exist, that the section for maximum shear should 
strictly taken the neutral axis. Such ignored tensile 
stresses, though small, are nevertheless effective changing the direc- 
tions the stresses the concrete between the neutral axis and the 
point where cracks appear. 

Formula can deduced different way from that given, 
which will introduce that interaction between the steel and concrete 
first alluded to. Let assumed that only shear intensity, ex- 
erted on.a plane just below Fig. that is, perpendicular 
Hence, adopting the previous notation pertaining Fig. the total 
shear the plane dz. 

The bond stress exerted the surface contact any bar, I’, 
throughout the length, J’, equal the difference the tensile 
stresses the bar and J’, and acts the direction, Hence 
the total bond stress exerted all the amount, and 

call the angle made the resultant, (or with the 
total bond.shearing stress exerted all the bars, and this must equal 
just below Therefore, 


Next, considering the free body, N’, held equilibrium 
the forces, V’, 0’, T’, acting shown Fig. and taking 
moments about 


Eliminating cos. between these two equations, dividing 
taking the limit tends toward zero and tends toward 


and solving for derive, 


Equation 17, which was first derived slightly different method. 
first sight, might appear that the plane just below which 

there only shear, should parallel that the shear 

should exactly equal the bond stress which must trans- 

mitted ordinary shear the neutral axis; but when consider 

that along (by the hypothesis), there bending stress, and 
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hence component bending stress normal follows that mr. 
Cain, 


there can only shear and hence shear only equal in- 
neutral axis and the steel, all tensile stresses the con- 
The first equation above thus justified. the final equation 
for the whole shear, and there seems 
the pull the rods. 


7 
7 


AMERICAN SOCIETY CIVIL ENGINEERS 


INSTITUTED 1852 


TRANSACTIONS 


This Society is not responsible for any statement made or opinion expressed 


in its publications. 
Paper No. 1296 


STUDY ECONOMIC CONDUIT LOCATION. 


The paper entitled “Economie Canal Location Uniform Coun- 
Lyman Bishop, Assoc. Am. E., contains series 
interesting and useful diagrams, the use which the locating 
engineer can quickly determine the economic center line cut for any 
particular canal section for any slope ground. However, every 
conduit, unless country uniform topography, must change 
certain points from one type construction another, order 
built economically and safely. rarely that conduit any 
considerable length can consist entirely canal section, but rather 
must change flumes, siphons, pipes, bridge flumes, tunnels, 
the conditions demand. The points change are determined, not only 
the slope the ground, the nature the material encountered, and 
certain local conditions, but economic considerations well. 

making conduit locations, from time, the writer has 
evolved diagram, giving the equivalent lengths, from economic 
standpoint, various types conduit, which has been considerable 
value. For instance, when the locator comes point where must 
decide whether tunnel through ridge follow the grade around 
with canal, measures the length the two possible routes, and, 
inspection the diagram, comes ready decision. This not 
only eliminates considerable loss time, but, the diagram has been 
properly constructed, assures proper and complete comparison between 
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the two alternatives first cost, depreciation, head-loss evapo- 
ration and seepage interest, taxes, inspection, and repairs. 

For purposes illustration assume case where the project under 
and where the conduit capacity 44.6 cu. ft. per sec, and 
slope one-tenth per cent. Four types conduit are shown 
Fig. 


TYPES CONDUITS 


4'x4'x 96°C. to. 


N 


Drainage ditch 7 


Min. | iin. | 


CEMENT-LINED CANAL 


-CONCRETE FLUME 


obvious that for each foot saved length conduit there 
saving head loss, well evaporation and seepage losses. The 
value this saving ascertained the following way, 1000 
ft. conduit, for convenience caleulating: 


As 
We METAL FLUME 
° 
Berm Berm 
NY 
“Wa 
ANS 
j 
TUNNEL 
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Head ft. conduit dissipates ft. head. 
charge 44.6 cu. ft. per sec., and efficiency, the 


550 


less 10% for transmission and transformer losses 2.61 


$143.50 


Evaporation Loss—Power evapora- 

tion ft. per annum: 

0.0025 acre-ft. per hours 0.00125 cu. ft. per sec. 
with head 500 ft., 

550 


less 10% for transmission and transformer losses 0.109 kw. 


acre-ft. per year 


0.162 0.121 kw., 


Seepage Loss—Power tests made 
Elwood Mead, Am. E., and Etcheverry, 
Assoc. Am. E., the University California, 
the writer concludes that the rate percolation through 
3-in. canal lining under head 3.5 ft. about 0.0043 
ft. per hour, 0.103 ft. per hours. 

0.0188 acre-ft. per hours 

0.0094 eu. ft. per sec. 

0.0094 1500 62.5 0.77 
550 


less 10% 0.828 kw. $55 45.54 


Total annual power loss $195.04 
Capitalized 10% 
per foot 1.95 


(from the foregoing) 0.00125 cu. ft. per sec. 0.0625 miner’s inch. 
Assume 25% loss before delivery consumer: 


780 


ECONOMIC LOCATION 


0.047 miner’s inch $0.40 per miner’s inch per day per 


hours (from the foregoing) 0.0094 cu. ft. per sec. 0.47 
miner’s inch, less 25% loss 0.353 miner’s inch $0.40 per 
miner’s inch per day per annum 


Total annual irrigation 


Power loss per foot...... 
loss per foot.. 


Total loss per 


computed. The annual charges are taken consisting the following 
items: interest, depreciation, taxes, The annual 
cost, figure having real comparative value. For instance, 
obtain the comparison between lined canal and concrete-lined 
tunnel follows: 


CANAL: 


Concrete, 4.25 cu. ft. $10.20 


Depreciation 


781 
51.64 

0.585 
$0.23 
0.046 
Taxes 0.019 
0.02 
$5.54 
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Annual Charge.—Interest 
Depreciation 
Inspection 


evident, shorten the conduit building the tunnel, that 
the first cost and the capitalized .annual cost tunnel can exceed 

foot This shown the equation: 


where feet canal, 

cost per foot canal, 

annual charges’ per foot canal capitalized 
10%, 

cost per foot tunnel, 

annual charges per foot tunnel capitalized 
10%, 

and losses per foot conduit. 

the case the evaporation will considerably lessened, 
thereby effecting additional saving. eliminated, this 
saving would amount 12.8 cents per ft., shown above. This was 
reduced cents and the first cost tunnel credited with that 
amount. Inserting the proper values the equation: 


0.208 the equation straight line. 


$12.40 
4.10 
$16.50 
$1.65 
0.165 
0.01 
$36.32 
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the resulting straight-line equation obtained. The diagram, Fig. 
which self-explanatory, shows the results. 


VALUES USED 


GENERAL FORMULA 


per foot per foot 
Cy) =2 (Cz) V +2 (42) 1080; $1.29 
Cy = Estimated cost per foot of conduit above line Uoncrete-lined canal 2.30 0,925 
Vonerete Flume 428 0,979 
A 7 Estimated annual expense per foot of condult 48 “Steet siphoa 
above line capitalized at 10% 100’ head 6.33 
Cz* Estimated cost per foot of conduit below line 48° Steel siphea 
oa 200 head 7.46 
Az etimated ann expense per of 
Ddelow line capitalized at 10% 438 Steel siphon | 
300 head 10,64 1.714 


Estimated value of one foot of canal for power 
and irrigation purposes =$2.53 Steel Flume $.58 0.887 
Steel sipbons are credited with °1.10 
per foot for saving iu evaporation and 
Seepagee 


Tunnel is credited with 10 cents per-foot for 
saving in evaporation. 


Y= 


EQUIVALENT LENGTHS OF VARIOUS CONDUITS 
° BAGED ON ESTIMATED ORIGINAL COST, 
ANNUAL EXPENSES AND PRODUCING 
Sin VALUE OF ONE LINEAR FOOT 
7000 OF CONDUIT 
Ordinates are lengths in feet of the conduit above straight line 
 Example:. 
4000 ft.of conerete-lined canal can eoonomically be 
replaced by less than 832 ft.of tunnel, eto. 


10000 11000 12000 


the case where siphon crossing gulch compared with canal 
flume passing around the head the gulch, the cost the siphon 
credited with the saving evaporation and seepage throughout its 
this case amounts $1.10 per ft. 

The writer realizes that such diagram cannot relied entirely 
the location conduit, for there are local conditions every 
piece work which must taken into account. 
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o 1000 «2000 3000 4000 5000 6000s 8000 000 
Feet 


Mr. 
Hawgood. 


DISCUSSION ECONOMIC CONDUIT LOCATION 


DISCUSSION 


duits for irrigation and power purposes should receive the same study 
that for railroad. Both are transportation problems, and the 
economic value distance and rate gradient are relatively 
important the one enterprise the other. Their importance 
railroad transportation fully recognized. 

Mr. Hickok’s paper the outcome studies made him, under 
the writer’s instruction, connection with Southern California 
project. His treatment the subject simple, and his 
are logical. The unit costs used the paper are not fully endorsed 
the writer, but, inasmuch they are introduced for exemplification 
purposes only, they are not debatable. 

arriving methods comparing the economic values alterna- 
tive locations, the fact should not overlooked that, however satis- 
factory the mathematical treatment, the conclusions must tempered 
personal judgment the risks which the local environments 
subject the alternative locations. Experience has shown that the 
tisk interruption service far less for tunnels than for hillside 
conduits, and weight given this and other working experi- 
ences making final selection routes. 

Mr. Hickok does not credit tunnels with any saving seepage. 
Seepage from water channel governed, not only the nature 
the channel lining, but that the material which the lining 
rests. water would pass through sieve set impervious material. 
The sides and bottom rock tunnel may not be, and rarely are, 
entirely impervious, yet their opposition percolation 
cient magnitude aid materially the lining proper, and most cases 
reduce seepage negligible quantity. 

his graphical representation results, the author uses diag- 
onal line for each combination the costs two structures. gives 
seven different structures; taken pairs, twenty-one combinations 
are possible. Twenty-one diagonals, with their legends, would 
also, and probably would, found convenient add other types 
structures, which would call for considerable increase in, the number 
diagonals. 

The writer suggests Fig. more convenient form diagram 
and covering all phases the subject. The radiating lines permit 
finding the equivalent distance, type structure, terms length 
any other type structure. The horizontal lines, each representing 
particular type structure, are spaced that their distances apart 
vertically bear the same ratio one the other their respective unit 
costs. exemplify the use the diagram, assume that, two 
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alternative No. has 200 ft. more tunnel and Route 
No. ft. more lined conduit and ft. greater length 
line. Find Vertical the base line representing the economic 
value ft. distance; the radial thence the concrete- 
lined conduit line, and read 289 ft.; add this the 1500 ft., giving 
the virtual length Route No. expressed terms con- 
conduit. Then find the (top Fig. 3), 
trace the radial down lined conduit read 1324 
which the virtual length Route No. terms 
lined conduit. comparison this value with that 1789 for 
Route No. decides favor -Route No. 


Mr. 
Hawgood. 
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Concrete flume (bench) 


10 5 20 


Concrete-lined Conduit 


Fig. the writer notices that the “Cement-lined Canal,” “Concrete 
concrete in. would seem, from the writer’s experience and, ob- 
servation; that though this thickness may be. theoretically 
withstand the water pressure, may sufficient factor 
safety for various contingencies which cannot 
wall, using the customary type labor and superintendence mixing 
and placing and action may prove destructive 
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cold climate, especially the event séepage through the concrete. 
thin section, furthermore, provides little safety cracking, 
less: force warm and arid region, limit his 
discussion to’ such conditions. 

regards the tunnel lining, though this may 
rock, where only desirable obtain smooth surface, 
movements, shelling, and thrusts experienced shale, 
clay formations. the recent failure the 
Montreal conduit, under apparent pressure might 
expected certain kinds rock, even though the 
ness concrete was in. 

Although these arguments affect the diagram (Fig. some 
extent, they have, the writer’s important significance. 
Papers and published the Society are widely copied en- 
gineering periodicals, and any diagrams, especially dimensioned, 
are taken face value many engineers, outside the Society, some 
whom, training and experience, are incapable exercising proper 
discrimination. the sections would make especial 
appeal, owing their apparent economy and simplicity, might 
applied without regard their suitability conditions which are 
not met average practice. 

Relative this, the writer recalls the failure small about 
ft. high, the design which was copied from textbook illustration 
well-known high arch dam, all reproduced 
pro rata, with very illogical and inadequate results, further accentuated 
the fact that though the was built rock, the copy rested 
clay. 

wishes confirm Mr, Hawgood’s statement that the study this 
particular conduit comparison was made under the latter’s instruction. 
However, the diagram, Fig. was originated and the 

The writer did not credit tunnels with any saving seepage, 
was unable ascertain even approximate figure for this sav- 
agrees with Mr. Hawgood that there would saving, 
may vary from soil hard rock, that there was hesitancy 
the discharge the the tunnel due waters. 

Mr. Hawgood’s diagram, Fig. and certainly more 
compact than that the writer. 

regard Mr. Stein’s remarks the thickness 


the different types conduit, should stated that these drawings, 


Fig. were not the paper illustrate construction details, 


Mr. 
Stein 
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but simply for pictorial purposes. The drawings were not necessary, 
and possibly should have been omitted. The writer hopes that 
similar that shown Fig. without reinforcement. regard 
the 3-in. thickness concrete lining the tunnel, the section was 
supposed solid rock, and concrete lining was intended 
shown above the writer’s notice, 
the fact. that interested the real subject than 
construction details. 


Mr. 
Hickok. 
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AFFECTING THEIR VALUATION 
AND FAIR RETURN.* 
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JoHN 


Depreciation has been discussed fully since the regulation 
public properties has become important, that space will not taken 
here review fundamentals. This discussion directed the ques- 
tion the general relation depreciation and its effects the fair 
return utility property, and also, some extent, methods 
accounting for depreciation the administration such properties. 

For the general purpose this paper, will considered that 
the term “depreciation” covers all the losses value that occur 
property, plants, parts thereof, from wear and tear, obsolescence, 
inadequacy. other words, will make difference this 
study whether the loss value arises because the structure out- 
grown, becomes obsolete through changes the art, merely worn 
out. All these various ways which value lessened will classed 
under the general term, “depreciation”. 


* Presented at the meeting of December 17th, 1913. 
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Reproduction Method Valuation.—In dealing ‘with 
ation affecting must clearly borne mind that 
are discussing only that line value known 
the reproduction method, new less 
evidence only one source information value, because 
plants properties may may not worth what costs repro- 
duce them, and appraisal valuation all which 
relies reproduction cost new less depreciation ‘methods: 
Other evidence are equally important before arriving value. 

The reproduction method, however, important line evidence, 
and must always studied; and the relation depreciation cost 
new therefore vital. This relation discussed herein. 

question has been asked, “Should depreciation deducted from the 
investment ‘cost property before computing fair 
his paper entitled “The Appraisal Public Service 
Basis for the Regulation Mr. Grunsky contends that 
depreciation should not deducted for rate-making purposes, but 
the original investment should used for the fixing rates, the 
theory that the investment must maintained intact, first, the 
maintenance the plant, and, second, sum set aside for renewals 
from time time. The question also discussed paper Mr. 
Robert Whitten,+ the New York Public Service Commission, who 
concludes that, for rate-making purposes, the depreciation should 
deducted from the reproduction cost. Mr. Samuel 
Columbus, Ohio, expresses the opinion that the cost reproduction. 
less accrued depreciation, not the proper basis for rate-making, but 
does not make quite clear whether means this apply cases 
where the sinking fund for depreciation hand not. 

Here, therefore, there seems very serious disagreement, 
among authors who have written recently this subject, whether 
not depreciation should deducted from the cost new property 
for for rate-making purposes where the reproduction 


method adopted basis value. seems desirable, there- 


News, May 8th. 1913. 


his book. recently, Regulation, Valuation, and Depreciation Public 
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fore, present further study this question. Certainly there must 
the public utility owners, founded rational analysis and 
common sense. 

the outset, may said that the sinking-fund seems 
accurate way compute depreciation. where all most 
the life history known, consists largely finding past deprecia- 
tion. mainly because the sinking fund is, without emolument 
the owners the plant, and therefore has con- 
fusion. 

The sinking-fund method computing allowing for depreciation 
consists determining the proper useful life structure 
machine under consideration, and setting aside from year 
money which, with its annual increment will, 
the end the assumed life, replace the structure machine 
question. 


ease portion of, the life has passed away, the present 


such structure assumed be, general way, the 
present cost replacement new, less the accrued amount, the de- 
preciation fund date. 

The sinking- fund method, however, when practically applied 
great variety structures plant wide and varied character, 
complicated and difficult way for the accountant write off 
depreciation for the future, especially where most the data must 
assumed and where they not warrant that degree accuracy that 
sinking- fund computation would imply. 

often found practical, therefore, and rational, determine 
past depreciation the terms sinking-fund basis, while future de- 
preciation may practically set aside method 
for simplification. There seems reason why the two methods 
cannot made correspond, desired, why this combination 
not rational, under the circumstances; the future quite largely 
prophecy, any event. 

dealing with theory, however, seems best use the sinking- 
fund method illustration, appears the accurate way 
which think out the governing: principles. 

Actual versus Theoretical Depreciation clearly 
understood, first all, that sinking fund for depreciation, actually 
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set aside under suitable trust provisions, considered: 
the property, and, where found intact and proper amount 
the appraiser, should thus considered, and deductions from cost 
new reproduction cost, where that method being used, would 
necessary. 

Where proper depreciation fund not set aside but 
only and written off the accounts, there such 
dition, and the matter of. writing off the owner his books 
amounts only opinion his what such depreciation fund 
should be, but does.not all produce such make avail- 
able; consequence which, appraiser, using the cost new or. re- 
production method one the means arriving the value 
the property, and finding depreciation fund actually hand 
trust, obliged deduct from the property. 

other words, amount accounting theorizing can make 
good depreciation fund which actually not hand. clear 
perception this principle will confusion thought. 

The Attempt Simplify the order understand 
the dilemma which certain line thought has been recently at- 
tempting follow this matter, effort will made, first all, 
state the case from such standpoint. 

Probably the most simple proposition which would occur one 
first considering this question would the case where the composite 
life entire plant property has been estimated; that say, 
where the depreciations all its component parts have been thought- 
fully determined, the probable life each component part established, 
its age found, and the amount sinking fund which will replace 
the end its life computed. ‘The average life these com- 
ponent parts should ‘give the composite the plant, the end 
which—theoretically least—it would subject entire renewal; 
other words, that time, supposedly, the original investment would 
have completely disappeared. 

state more fully this line thought (which has led certain 
perplexities), let assumed for the moment that 
made the plant, and that the hold the original 
investment intact. commonly considered such case that 
one computes (but does not set aside) sinking fund for renewals, its 
accumulations, year properly estimated, will represent 
general way the decreasing value the property, least roughly 
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so. one deducts this sinking fund each from the original value, 
determine the value the reproduction basis, the 
would necessary order pay all charges and fair 
return the same, one would have, theoretically least, slowly 
decreasing valuation, year year, which predicate and 
the rates themselves would therefore 
until. the end the composite life the plant, prop- 
erly all, and, theoretically the entire invest- 
ment would ‘represented the sinking fund, one. 

California, under’ the laws which formerly existed for some 
years, such conditions seemed contemplated, for was expected 
that plants would valued, might valued, every year, for rate- 
making purposes. was the existence this law that probably 


led Mr. Grunsky speculate this particular problem, and his 


paper has convinced some students the subject that the rates 
should not decrease with the depreciated value the plant from 
year year, but should predicated what calls the “original 
investment”, without deducting depreciation. That this appears plaus- 
ible its face, one would not first inclined doubt, but 
believed that closer analysis will show that not sound rea- 
soning. 

should noted, course, that sinking fund itself actually 
set aside not source revenue the owner, because its inter- 
accretions are necessary its own growth and purpose; there- 
fore, argued that may properly receive return outside 
own interest accretions. the end the life given plant, 
under this theory, will the full rates the full 
investment, but with practically worn-out plant, together with 
sinking fund the bank which will entirely replace 
could take the entire fund with him, and consider himself recouped 
for his property. course, would not entitled rates any 
longer. supposed that should decide remain busi- 
ness, would immediately have invest the entire sinking fund 
again complete renewals, and receive rates based the full neces- 
sary investment, all which seems point superficially the con- 
clusion that the rates, all times, should determined the value 
the undepreciated property. 
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There much more the question, however, than the above simple 
presentation would seem indicate. 

Perpetual matter fact, depreciation simple 
its practical operation the first place, not 
seriously any one familiar with the subject that plant 
usually normally has point which its life actually terminates. 

shows any given plant, great variety useful 
existence assigned from experience different structures, that 
actually none the component parts plant can said termi- 
nate one and the same each part must renewed inde- 
pendently such time the arises. This would result 
practically repeated reductions the depreciation fund, one 
actually existed, and the absorption its funds from time time 
into the plant. Therefore, there one time which the depre- 
ciation fund actually does can rise very large amount; and 
would practically impossible, under normal conditions, that 
should ever grow amount, even the larger part original 
investment. matter practical observation, rarely ever the- 
oretically amounts any one time more than from 25% 
the original investment, and more frequently from 15%, 
and the plant must maintained and perpetuated, whether the 
owners would desire not. therefore, one does not 
have the condition that the plant wholly, even largely, renewed 
the depreciation fund any one time, except under the abnormal 
complete failure through original judg- 
ment, or, rare cases, reason duplication other ignorant 
lack conservation. 

illustrate: for instance, the case water-works plant, 
the boilers, ordinarily, will need renewed about once every 
years. They would probably renewed about five times 100 
years, and the end 150 years the pipe system, 
theoretically, would renewed considerable extent. The build- 
ings, the other hand, might renewed about two and one-half 
three times during this average interval, and about: one 
and one-half two times, that, the end 100 years, there 
might still plant some kind, existing much the same general 
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form the original one, except that those parts which may have 
become obsolete through changes the art method would require 
that take other form and character. Therefore, one 
dealing practically with perpetual aggregation structures, 
which, not only maintained, must also grow, expand, 
and enlarge. true that some instances public utility plants 
have been run for time, and abandoned. This and 
less true time goes enterprises are better understood. 
These cases abandonment are few practically negligible 
serve and protect such property more and more from destruction 
failure. 

Utilities Commonly Require Growing matter fact, 
considering depreciation, the original investment must not only 
continued frequent renewals, but, all ordinary grow- 
ing rapidly increased from time time the addi- 
tion new extensions and enlargements. These 
extensions, turn, have depreciation, which must pro- 
vided for, and they, turn, must renewed. when their time 
usefulness has expired. The actual depreciation, therefore, any 
given date any plant, the sum of: depreciations the 
various then duly considering their age and 
probable life. 

Earning Power Depreciated considering the matter 
its loss physical value, measured the growth 
plant earning power almost always distinct from progress 
depreciation appreciation, and though considered 
that depreciation property usually followed lessened 
earnings, this not always true. plant may not well maintained, 
but its-earning power may the same. time well maintained, 
even grow Theoretically, one have 
dition (in certain kinds plants least), sample illustration 
used first, where the depreciation, measured the deduction: 
sinking fund; becomes greater and greater year plant re- 
newals are properly made, almost worn out plant 
may able earn much more than the return earned when new. 
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course, there limit with certain kinds 
plants not usually possible; and'the sin too long deferred re- 
newals often brings the remains the 
depreciation. 

Natural, plant not.only depreciates, but 
also has sources from which These appreciations 
and more recently the the Kings County Lighting Company 
vs. The Publie Service Commission New York, First District. One 
the reasons the for favoring the. reproduction method, 
new less depreciation, lies the fact that such procedure in- 
cludes appreciation well excludes depreciation. 

When. dealing with the valuation must 
kept mind. that “property” being considered, and that 
property may defined being all that can properly, transferred 
buyer, Pipes conduits laid crowded streets, where many 
other conduits and tracks, pavements, and heavy traffic would make 
difficult them, certainly have greater, reproduction value 
than they originally, when the city was unimproved and the 
streets were open for their installation. way and 
lands, course, have natural accretions value, and this well 
recognized and understood the public. What the public does not 
that similar accretions value accrue the property 
other items well the increased value the land. 

The Constitution the United States, referring that which 
must protected from confiscation, uses the word and 
not investment”, and the term “property” must necessarily include 
all the assets which inevitably inhere to, and can transferred 
the whole entity used and useful for the 

There are some increments value produced with 
enterprise which originally entailed considerable investment, but 
cannot thus transferred, and therefore not form permanently 
part the property. For instance, company may have expended 
great deal time, pains, and its original introduction 
light, water, transportation, for the education the public 
the value that arises from the use these facilities. Where 


| | 
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whole community has been thus educated, has funda- 
pense. utility company, transferred asset with 
its property. This the reason that, computing develop- 
now already the facility, and would quickly 
avail itself such facility were reinstalled. 

invested property which maintained perpetually, and the 
public protected requiring only fair return based 
reasonable rates for the use this property, such property must 
maintained intact setting aside, part the expenses, 
amounts which will sufficiently renew part from ‘time time. 
the Knoxville case, the Supreme Court the United States has 
held that this reasonable and proper. If, therefore, one has the right 
set aside money from time time, one should 
set aside just much will maintain the original property its 
original form, the property plus its additions, accretions, and 
betterments their total form. this will necessitate 
having hand, theoretically, part property and part renewal fund. 
The renewal fund, therefore, just much inherent part 
the property dre the tracks, stacks, boilers, the property 
considered held intact. Where, therefore, one has value 
plant for sale transfer, and does not find that renewal fund 
has been accumulated, actually hand, right and proper 
that one speak, “fine” the owners, for the absence 
this part the property, the amount thereof. the sinking fund 
for renewal the bank trust, well accounted for the 
books the company, and inherently part the property, and 
proper amount, one should, naturally, the other hand, give the 
owners such property the entire reproduction cost the property 
undiminished any depreciation deduction whatever. 

clear, therefore, that, far valuation for the purpose 
sale concerned, right and proper that, the absence actual 
sinking funds any sufficient reserve fund, they should deducted 
from reproduction cost “cost new”, when that method used 
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value: not this also the ease valuation 

The Practical Treatment Depreciation matter 
fact, few, public utilities have ever (as 
far known, date) actually aceumulated sinking Most 
otherwise which would theoretically such 
fund, because they have thought that such moneys could usually 
earn greater rate interest than they would guaranteed sinking 
fund, and there the feeling, would difficulty 
hazard the ability the owner owners replace 
the sinking fund from outside sources from time time demands 
This true where the management more 
less personal, perhaps not improper, from the point view 
stockholder, but means, however, that ‘at all times the property 
does have within itself, and accounted its books, all 
the full original value which had the start, and which 
entitled. 

illustrate situation further, one may take, example, 
railway having extra rolling stock which only needed certain 
seasons the year when the traffic amounts maximum. must 
admitted rolling stock inherently proper part 
the property, but the owners decided they could spare this extra roll- 
ing stock and should sell it, and should depend replacing promptl+ 
some exertion when was actually needed time 
traffic demand, they would very much the same 
position they when they rely their ability replace the 
sinking for depreciation when other words, 
present and not for; valuation sale, even 
for rate-making purposes; ‘they have produce this property. 
suffer the diminution the value the property ‘by 
not the public without reserve fund re- 
placement with such fund intact and hand and promptly 
available. 

Absent Depreciation Funds Affecting Rate-Making—When one 
seeks determine the fair return, through proper rates, the prop- 
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determine carefully the value the property which such: fair 
return will allowed; and found that the 
erty think reasonable and proper all times out 
the property. some part thereof, which ultimately and finally 
other ways, perhaps for private gain, one under the. necessity 
moved and separated from the property which 

sinking fund for depreciation. hand and attached the 
fund the owners, they should certainly earn rates it. If, however, 
they assume that they can take the necessary risks and earn more money 
such funds elsewhere, and withdraw such funds and 
property, then they must necessity face the contingency that they 
cannot allowed: by. the public earn rates those moneys, the 
one hand, and use them for outside gain, the other. 

ties, who are able and willing replace portion 
the renewal fund any moment that occasion might that 
they should made place trust and denied 
the privilege their use for outside enterprise; but will 
seen that accord them this. privilege does not out 
with fairness the public. public utility owner, under 
tempted let his plant run down, and. withdraw from 
the property the funds necessary renewal from time, 
and use such funds for his other. gainful. purposes. then 
his plant (less reserve fund), and: the new owner 
him fair return on.the undepreciated property 
the public and new purchaser well. The whole procedure 
thus amounts the withdrawal by, the original, purchaser 
and this rendered possible the fact that,.most 
utility properties have appreciation well depreciation, that, 
practically, the natural accretion, that withdrawn man- 
ner.. The only practicable way.to prevent public from 
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that the owners -properly speak, the amount 
the funds removed withdrawn. 

Outside Investment Depreciation Funds.—A great deal has been 
said outside: investment depreciation funds. Ob- 
viously, reserve monies can earn larger rate many 
other ways than guaranteed reserve funds. guaranteed deprecia- 
tion fund, especially for long periods, will not undertaken 
bankers trust companies more than rate, and for 
unusually long say 100 years, the rate must still lower, 
say per cent. 

has been customary with appraisers recognize this fact 
computing sinking funds sliding accordance with the 
length life the structure provided for. 

Now, these monies that would thus set aside sinking funds 
are susceptible ordinarily being invested much higher rates for 
general purposes, and where given result the end given time 
does not have guaranteed, for instance, such monies may 
invested new new construction and extensions the very 
plant itself great advantage, commanding there often high re- 
turn 8%, with, course, the general risk incident the en- 
terprise. 

believed most administrators that this entirely 
proper way manage such funds, but obviously subject the 
reasonable conclusion that the owner cannot have return 
“sinking fund” for depreciation, even carefully accounts 
such, and the same time have return betterment the 
plant. This would.be obvious injustice the public. 

also obvious that another drawback this procedure lies 
the fact that the owner must willing and ready finance the replace- 
ments and depreciation fund, whenever the occasion therefor arises, 
and make good for such needs arise the non-existing depreciation 
fund. His temptation will easily defer delay, under these 
circumstances, perhaps the great disadvantage the plant and 
the public, and although usually has ample notice future, re- 
quirements often occurs the reserve funds are 
suddenly necessary for accident emergency. 


| 
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this practice outside investment reserve funds 
ultimately allowed the utility commissions, the problem 
becomes economic one, and only close analysis 
whether depreciation fund, earning return and guaranteed low 
rates interest, more profitable the owner the use the 
monies elsewhere higher rates interest, and the loss 
return connection with the plant. would the 
face problem that, rates. are.to include the 
sinking funds set aside for depreciation, the depreciated 
property, would more profitable for the owner maintain the 
full fund constantly actual existence, and believed that, when 
this. question has been fully understood and discussed, this procedure 
will required the utility commissions. 

Present practice, thus far, where reproduction cost 
adopted, has been theoretical depreciation fund (where 
one not actually hand) from the reproduction cost the prop- 
erty new, before proceeding determine the fair return. The ques- 
tion the correctness this procedure was raised until quite 
recently, and, like great many other questions connected with the 
conduct public utilities, will probably have reasoned out 
lines fairness and justice both the utility owner and 
the public. The rate commissions have not yet discussed this question, 
nor has been effectively presented them, but believed that, 
when discussed, will along lines which are here indicated. 

Should Sinking Fund Earn Return?—In pursuing this 
study, the question will raised the propriety allowing the 
same full return sinking funds, when properly set aside trust 
part the plant, allowed the plant value itself. 

may argued, the one hand, that such funds are free from 
the hazards the enterprise proper, that properly safeguarded 
placed trust, they might be, they are especially safe and secure, 


and are free from risk; therefore, they should allowed only ordi- 


nary going rates interest for secured investments their part 
the fair the entire property, and, course, entirely outside 
their own necessary interest accretions. 

the other hand, may contended that such funds, generally, 
are not put trust, even whete set aside, and therefore are subject 
call for emergencies renéwals, and partake, that way, all the 
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hazards and the plant and property itself, and should 
accordingly partake the full returns which the plant and property 
itself should 

Inasmuch the entire question returns depreciation funds 
has yet been discussed publicly, the attitude any public 
utility commission cannot known advance, and will have 
await with patience the conclusions the older commissions 
are giving these matters study. 

Actual Use Full Depreciation may observed 
that not theoretically possible expend properly any one time 
the full amount correctly computed fund for replacement. 

Although actual depreciation requirements are not expected con- 
form theoretical depreciation funds, nevertheless the two must 
nearly adjusted that funds for renewal closely follow actual require- 
ments. This can only accomplished the use good judgment 
and experience, the first instance, supplemented periodic re- 
visions, secondary aid proper additions the fund. would 
seem that intervals not less than years careful review the 
depreciation account most utilities should made, and revision 
comply with new conditions effected; oftener would better 
some special cases. 

The fact remains, however, that should funds correctly set aside 
for renewal and the life the various structures the plant 
properly estimated, the funds—either sinking fund simple in- 
crements—could not wholly even largely used any one time; 
fact, ordinarily, only small portion such fund will drawn 
any one time. sinking fund, this were not so, the fund 
would seriously impaired, its integrity, certain extent; de- 
pends its interest. Evidently, the short-lived struc- 
tures will draw the fund often, and the long-lived structures but 
seldom; and, where the bulk the investment long-lived struc- 
tures, evident that least from one-half three-fourths the 
fund might untouched ordinarily. 

This added reason, long-lived plants, why owners now feel 
inclined utilize depreciation funds outside investments, 
betterment the plant itself; for the remaining portion the fund 
that frequently called on, being small amount, easily replaced, 
and when the larger amounts begin needed the fact long foreseen. 
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Depreciation Accounts.—Evidently, the keeping depreciation 
account, without setting aside depreciation funds, amounts only 
expression opinion the owner the lessened value his 
property. Such accounts not finance the but, 
properly kept, they may tell how much the owner has withdrawn from 
the value the plant, and how much should return, demand, 
make the plant whole. 

Past depreciation may very properly computed the sinking- 
fund basis, because this the close and accurate method when all 
most the life history known, but the future much more un- 
certain. conservative estimator cannot figure too closely it; some 
allowance must made for the unkrown. 

The composite life many water-works plants, instance, has 
been found between and years. From 0.6 0.8% the 
total value the plant, set aside from year year annual 
increment and put out interest sinking fund, will theo- 
retically amortize the principal the end the theo- 
retical life. 

simpler and more conservative, however, provide some- 
what larger amount water-works practice, say 1%, approach 
called “the reserve”. Some the utility commissions: are allowing 
about this amount set aside before fair return 
water-works properties, and will ultimately possible, probably, 
count it. these rates will vary widely other forms 
public utilities; they are cited here only way illustration: 

practice, the various structures having different lengths life 
should grouped, that those the same life are aggregated, and 
separate depreciation account should opened for each group. 

The theoretical sinking-fund amount may computed for each 
group and entered each month, that the sum all the groups 
would show amount the plant the owner any given 
time. From time time adjustments will have cor- 
rect for errors judgment future life. 

simple percentage increment used, the process will more 
simple but less and hazard and accident may 
better and more liberally provided for, but the prophecy life 
will not ‘be closer than can the sinking-fund method. 
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When renewals the depreciation account should debited 
with the outside capital replaced the plant the owner, and 
credited the cost the improvement. 
Should sinking fund reserve fund actually exist, course, 
the replacement expense directly withdrawn from the same cash. 
Summary.—To conclude, then, has been argued follows: 


sinking fund reserve fund for depreciation 
actually kept the bank trust part the property, should, 
properly computed and accurately kept, receive the same rate fair 
return the remainder the property ‘‘used and useful for the 

2d.—That these funds are for any reason detached withdrawn 
from the property and used the owner elsewhere, private gain, 
new capital invested the plant itself, cannot hope. 
matter proper protection the public, receive return 
reserve fund which not actually hand and the same time 
use such funds for other personal gain. 

the past depreciation may computed accurately 
the sinking-fund basis, all the facts the past are known, and 
the sinking fund the accurate method computing deprecia- 
tion, but for the future, which the facts are yet unknown, 
perhaps better use the simpler method annual increment which 
will average the rate. 

depreciation accounts should kept groups having 
similar life, and revised from time time the future more clearly 
revealed. That such accounts are only estimates what the owners 
owe the property, the actual funds are not hand. 

though not now considered improper use reserve 
sinking funds allowed for depreciation for private gain, doing 
the owner will all probability deprive himself their return earn- 
ing power part the plant and property. 


may said, frankly, that all the principles which en- 
deavored herein reason out are not yet generally accepted; indeed, 
the question allowing fair return actual existing sinking fund 
for depreciation has not yet been raised. 

believed, however, that this question must soon generally 
discussed, and has been the endeavor this paper reason out 
advance the method which believed will logically settled. 


Mr. 
Willoughby. 
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DISCUSSION 


made Mr. Alvord, that the formal setting and labeling 
preciation reserves should entitle the owner property 
the full cost its reproduction new, and that the non-observance 
this technicality should deprive him that right, does not appeal 
the writer being just logical. Surely, the general balance 
sheet corporation shows excess assets over liabilities 
cient offset the accrued depreciation the property, there would 
seem more reason why the return should based im- 
paired investment than that the rent paid tenant should 
lessened the owner, who has agreed keep the premises repair, 
elects not maintain special fund therefor the bank. 

The majority railroads have ample profit and loss 
counts outside securities the property excess the 
amount which fair return earned; and this surplus, for all 
practical purposes, depreciation reserve which insures the ability 
the corporation meet its liability paying for maintenance out 
income. failure corporation properly meet its liability 
maintaining the property out the rate, usually the result 
over-payment dividends, and eventually brings its own punishment 
through the necessity reduction suspension dividends during 
the period rehabilitation. This course obligatory, charges 
for rehabilitation legally can only made through income. 

Whether not depreciation fund actually set aside would 
seem immaterial. What the public interested the proper 
upkeep the property without increase, for that purpose, the 
capital burden which expected bear through the rate. 

can make good depreciation fund which actually not hand”; but 
determine whether not hand may done just effectively 
through examination the balance sheet conjunction with 
valuation the assets, looking for labeled fund the bank. 
“fine” the owner who elects protect his liability some other 
form than means special fund, seems rather drastic 
punishment for his selection one two alternative treatments 
accounting 


will disagree with Mr. Alvord’s suggestion, 

“That sinking fund for depreciation actually kept 
the same rate fair return the remainder the property ‘used 
and useful for the public.’ 
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The writer, however, believes suggested addition the 
account will find little favor. Depreciation operating 
expense when applied the accounting going public utility, and 
there more reason for capitalizing the depreciation oper- 
ating expenses capitalizing any other single item, for instance, 
the wages paid charge railway trains. 

Furthermore, such funds have not been generally provided 
part the capital our public utilities, and gain direct- 
ness discussing the actual conditions, and the need providing 
for depreciation operating expense, that the accounting will 
always show. the value the public utility for any purpose, rate- 
making 

The accounting utility covers: other things than the 
cost the plant, and the ultimate finding the accounting 
(exclusive the and intangible features) that. fixes the 
value the utility. The author, limits his discussion that 
“line evidence value known the reproduction method, 
cost new less depreciation.” thus disregarding all other elements 
value that enter into publie property, the author 
credit account offset depreciation, except the cost reproduction 
new physical property the utility, and would limit the 
rates charged the utility corporation reasonable return 
the capital necessarily expended for new plant less the acerued 
depreciation. This means that the utility corporation must, 
diately after reproducing its property new, write off the 
amount the accrued depreciation, although that accrued depreciation 
has actually resulted from service rendered the and, although 
the only practical way reproducing the physical property will 
invest first the extent necessary reproduce the 
new. 

generally accepted that the reproduction the physical prop- 
erty public utility which has been operation for some years 
show its exact stages depreciation would greater cost 
than reproduce with all new materials. Consider the difficulty 
and expense providing and assembling into completed structure 
the curve-worn rails, the partly decayed ties, the partly fouled ballast, 
the partly failed bridges, trestles, and culverts, and the argument 
completed. Consider then the injustice the suggestion the author 
that the property owner should penalized because the impossibil- 
ity assembling his plant, except structure composed new 
elements. What the public pays for service. the service satis- 
factorily performed, the railway years operation, 
over rails, cross-ties, and ballast, each exhibiting but 55% their 
cost new, less salvage, and perform that service has been 
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necessary for the owner expend the past 100% for those items, 
the owner should receive reasonable return that 100 per cent. 
public’s protection lies scanning the expenses see 
the charge for maintaining the property unduly high, result 
the failure the railway company make provision the 
for the depreciation the time the depreciation actually occurred, 
and not deduct from the capital originally expended: the amount 
the accrued depreciation. only after the operating expenses 
are deducted that any return can made the owners the stocks 
and bonds. the operating expenses are unduly high, account 
failure make provision for the depreciation had 
the past, the penalizing the owner occurs the denial deduction 
from the gross earnings much the alleged operating expenses 
due the failure the owner provide for the depreciation 
the time its The method penalizing the owner, 
suggested the author—the deduction the accrued depreciation 
from the reproduction cost new—is property 
amount the accrued depreciation, because the amount the accrued 
depreciation was originally and necessarily put into the property be- 
fore any depreciation could take place, and whatever has taken place 
would deduct from the physical elements property the operating 
bad financial arrangements, extravagance, incom- 
petency. 

illustrate further: take cross-tie costing cents place, and 
lasting years. For each year following the placing the tie, there 
should charged out operating expense the sum cents (less 
such interest may earn), the proportion the con- 
sumed that year’s operation, that when the cross-tie replaced 
the eighth year only cents its replacement cost would charged 
into operating expenses, the other cents being taken from the de- 
preciation fund. The purpose the depreciation fund distribute 
the operating cost renewal over the number years that has been 
taken consume the tie. Where depreciation fund has not been 
accumulated offset the actual depreciation, the monetary value 
such depreciation will into the profit and loss account debit, 
but there may such values that account—like accumulated re- 
serves—which will entirely absorb the debit. Depreciation, when re- 
garded operating expense, can never used lessen 
duction cost public utility. will always affect the value the 
utility going concern. 

Every public utility should make provision its accounting for 
depreciation, because such account necessary show the annual 
operating cost any plant, and reflect the accounting the finan- 
cial and physical condition and value the plant. should cover 
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“all the losses value that occur the property, plants, parts 
thereof, from wear and tear, obsolescence, inadequacy.” 

publie utility that has permitted the depreciation accumu- 
late without providing for actual fund offset the same, then the 
amount such accrued depreciation (in such event debit) will 
into the profit and loss account, there offset the credit items 
other accounts. Correct accounting does not require the actual 
presence cash, except the amount the item cash hand. 

what rates are necessary for fair return for any public 
utility, confiscation not result the property the legal sense: 
the suggestion made that the rates should sufficient provide for: 


payment taxes and other public dues; 

2d.—The payment all operating expenses, including part 
thereof charge sufficient care for the annual depreciation 
that takes place; 

3d.—The payment reasonable commercial interest (commercial 
interest being one that considers and includes the element 
risk involved) the reproduction cost new the property, 
including the necessary working capital; 

payment like interest the intangible values 
the property and the unearned increment; 

5th.—And, finally, the accumulation funds sufficient provide 
for the non-earning additions demanded the public. The 
commercial interest earning additions and betterments can 
capitalized and becomes self-supporting part the cost 
the plant. 


ing Mr. Alvord’s paper, the writer tried picture himself some 
the possible results putting such system rate-fixing into gen- 
eral operation. 

Consider two adjoining and otherwise similar communities served 
two power companies, the one having old and decrepit plant, 
but still capable rendering efficient service, and the other having 
new and up-to-date plant. The large users service, course, 
would gravitate toward the community served the depreciated plant, 
thereby decreasing property values and rents the community which 
they left, and making impossible for the new plant compete with 
the old one. The continual see-sawing rates, due periodic repairs 
and renewals, would make impossible for service rates reach 
thus making impossible for consumer foretell 
what his next year’s bill for service would amount to, and would also 
cause much litigation and confusion. 

fix rates purely basis physical value, would remove in- 
centives for good management and economy, and put premium 
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wastefulness, expensive plant, unnecessary repairs and 
Over-expenditure plant, for the sake keeping the rate up, 
more feared than reasonable amount decrepitude, for, after 
all, the service rendered what paid for. 

such system were vogue now, those who live Staten 
Island would paid substantial sum for riding trolley cars 
which have long outlived their years usefulness and are run 
plant which the condition the “one-hoss-chaise.” They are 
consoling themselves the thought that they pay, not 
ings dilapidated outfit, but for the service rendered—a 5-mile 
ride. company owning modern plant might give worse service. 

Mr. Alvord states that the average life the component parts 
should give the composite life the plant. This must over- 
sight his part, for, assume plant consist two parts, 
costing and having life years, and costing 000 and 
having life years. Surely the composite life the plant 
less than 123 years, for its major renewed twice that time. 

fixing rates such one must also consider that the 
depreciation curve not straight line. permissible establish 
depreciation fund the straight-line formula, for that merely 
convenient method which the owner may distribute his renewal 
costs evenly. The amount the depreciation fund rep- 
resents the actual physical depreciation, and base 
rates amount which taken arbitrarily, and greater than the 
actual depreciation, would unjust, particularly the service were 
still unimpaired. When laborer reaches old age, his earning power 
greatly reduced, but worth less thirty-five than twenty? 
One cannot expect deduct 000 from $10 000 plant, fixing rates, 
and still have $10000 service maintained. the returns are not 
based the entire investment continuously, the investment will not 
have renewed itself end the plant’s term life, and the 
owner will not have the plant that had begin with. Deprecia- 
tion merely another form capital, and must continuously 
earning returns.on its entire 

seems unjust expect pay less for service the year, 
the service being exactly the same, merely because some parts the 
plant will require replacement date then nearer than first 
year. Does one pay less for milk given old cows for apples grown 
old trees? 

Mr. Alvord intimates that the rates should consid- 
ered the nature fine, but surely would unjust have 
fine imposed, if, when the time for renewals actually arrived, the owner 
produced the funds and put the plant shape. What Would 
the amount the fine which had paid returned man 
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An, argument sometimes advanced, and by: the Courts, that one 
should not make one valuation for rate-making purposes, and another 
valuation for the purpose purchase; that is, valuation 
making the rates service. private business: 
owner wishes sell his factory, make 
deduction for. depreciation, but the 
not affected any way the age his factory the condi- 
tion his plant. Neither his customers inquire whether 
not has adequate renewal fund actually hand. That respon- 
sibility rests with himself alone. 

Though there difference between fixing the prices private 
business, and fixing the rates public utility which enjoys monopo- 
listic privileges granted the public, the fundamental principles re- 
main the same each 

The approaching repairs and renewals are obligation and cause 
worry the owner, and him has pay for them, and 
the consumer way with it, long the service 
remains the consumer not concerned with how near 
collapse the plant may be, long the collapse never 
The consumer concerned only with impairment service. 
When oceurs, then fine may reasonably imposed. 

rates, one need only sure that the property satis- 
factory working order and that proper service being given. The 
owners can then left worry about the depreciation for themselves. 


Hazen, Am. Soc. (by letter).—Depreciation has 
taken into account both the operation and valuation public 
service properties. has taken into because one 
the fundamental facts that cannot ignored. 

The writer familiar with depreciation, especially water-works 
properties, and what has say relates primarily them. 

Allowances for depreciation have actually been made nearly all 
properties this kind. This not the less true because the amount 
allowed has not been determined rational manner, and frequently 
has not even been called depreciation. most works the first 
cost has been money raised the sale bonds, and sinking 
fund has been established, and annual contributions made it, in- 
tended sufficient provide for the payment the when 
they became due, thus, reality, providing for depreciation, even 
though the word “depreciation” not used. 

Another way providing for depreciation which has been common, 
has been pay for new construction out earnings. This also 
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efficient means allowing for depreciation, although the methods 
and amounts make efficient have seldom been carefully thought 
out. general, with publicly owned properties, the allowances: that 
have actually been made for depreciation these ways have been above 
the truth. This has been fortunate, the excess has represented only 
slight addition rates which have not been burdensome, 
resulting strong financial condition the works has tended good 
service, worth more than its cost the takers. 

the relatively small number cases where allowatice, 
inadequate allowance, for depreciation has been made, there results 
sooner later cramped financial condition tending bad service, 
and equally unfortunate for the works and for the takers. 

The measure depreciation for any period the decrease the 
fair value the property under discussion, any part thereof. 
valuation proceedings, where the cost reproduction 
sidered, the the value the compared with 
the value corresponding new property, the measure deprecia- 
tion. The fair value the property considered always 
the fair value between willing seller and willing buyer. take 
concrete case, may considered how much less willing buyer 
would probably pay and willing seller take because the pipes 
the streets had been use for time, and had suffered the deprecia- 
tion naturally incident use. Obviously, some deduction would 
made. The carrying capacity the pipes less than that new 
pipes, owing rusting and tuberculation; there more leakage from 
the joints old pipes than new ones, representing loss water 
and profits. may presumed that the pipes existing system 
laid from time time are perhaps less efficiently arranged sizes 
and locations than would the case such pipe system the 
buyer would lay for himself. These would probably the most im- 
portant points considered between the buyer and the seller 
deciding what deduction was made. addition, peculiar 
conditions any kind affecting the value the property would 
duly considered. 

The average age pipes any system growing city will 
ordinarily from one-third one-half the age the system, and 
seldom more than years. The bare fact that average 
years has elapsed possible ultimate from 150 
years, which assumed the author, would have but little influence 
between willing buyer and willing seller. 

The case somewhat different with boilers, which may as- 
sumed have life years, some definite period, and 
will then have replaced. The boiler represents the exceptional 
case water-works affairs, and not the ordinary one. 
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The writer believes that there such thing 
can called the life pipe. pieces pipe may 
have useful lives ranging from few hours periods long that 
they extend beyond our experience. Any statistics that could col- 
lected would contain. records pipes that had been discarded for one 
reason another, and would contain, estimates the 
remaining life the very important part all the pipe laid that 
still service. The estimates the remaining life this pipe can- 
not considered have much value, and averages based them are 
certainly Even the average life pipe could ascer- 
tained some statistical way, would little service. 
really wanted the average percentage payment the value all 
the pipe made each year make good the depreciation lost 
it, and this percentage undoubtedly quite different from the depreci- 
ation computed the sinking-fund method from the average life 
pipe, could ascertained. 

The writer believes that the case cast-iron pipe the gradual 
reduction carrying capacity, the increase leakage from the joints, 
and the fact that system now designed might better serve its pur- 
pose than old system, are the and that the 
elapsed period life secondary importance. 

may suggested that using the sinking-fund method 
possible assume life for pipe give any rate depreciation that 
desired, and the assumed life pretty sure beyond the 
experience the ordinary water-works system, cannot easily 
shown fallacious. Thus, with sinking fund, the deprecia- 
tions corresponding several lines are follows: 


30-year life, 1.78% annual depreciation 
40- “ 1.05% “ “ 
60- 0.42% 

80- 0.18% 
0.08% 


course, the percentages given refer the structures only when new. 
the sinking-fund rule they would steadily increase with increas- 
ing age. 

The ease selecting life give any desired rate deprecia- 
tion obvious. the great difficulty, perhaps rather 
the impossibility securing statistics show the true average life 
cast-iron pipe, may questioned whether, matter fact, 
the process has not been reversed, perhaps unconsciously, estimators, 
and life selected which would give depreciation which has 
seemed them reasonable, judged other 
this really the case, then the use the sinking-fund method for 
computing depreciation may regarded kind mental ex- 
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ercise tending familiarize the estimator with the workings com- 
pound interest during long periods, and thereby aid keeping 
him from reaching 

The sinking fund has this recommend it:-that corresponds 
with practical experience the extent that depreciation the early 
life structure goes slowly, and that the years the 
tion for judgment, and, far the basis the rule can well 
probably the sinking-fund method computation the safest that 
has been thus far proposed, but must not supposed that the real 
basis the sinking-fund method the actual determined life the 
structures. is, instead, the life which practical appraisers find will 
give rates depreciation that are accordance with their experience. 

The writer believes that the most logical way estimate depre- 
ciation the appraisal plant consider each item its 
merits, determine and take into account its physical condition, its 
usefulness the sefvice and the state the art, and the possibility 
substituting other and more efficient structures perform the ser- 
vice rendered it. The excellence the design must especially 
considered, and depreciation may several times greater 
clumsily designed structure than well-designed one, although the 
durabilities and lives may the same. similar manner, well- 
built structure suffers less depreciation than one not well built. 

Improvement methods pumping, filtering, laying pipes, 
performing any part the service, all have their bearing the de- 
preciation similar parts old plant. The rule must always 
find what deduction would fairly made because all the con- 
ditions that exist between willing seller and willing buyer fully 
informed those conditions. 

estimating the amount depreciation written off each 
year, the writer believes that one the best kinds information 
obtained from the financial histories old plants connection 
with appraisals. The question may then taken whether 
property from year year, made during the whole life the plant, 
would have served have brought the book value amount reason- 
ably near.the estimated cost reproduetion the time the ap- 
praisal, and not, find nearly may what percentage thus 
allowed annually would have sufficed this. Data this kind 
are get, but the engineer. having with appraisals 
sionally has opportunities them. Valuable data are, 
they must used with caution, the depreciation the future 
not necessarily measured that the past. 
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The method allowing for depreciation the annual operating 
account important matter. writer recalls the case trustees 
who had undertaken the management 
system, and who were confronted the one hand with the difficulty 
raising money for urgently needed extensions, and the other 
being required law take business entirely foreign that 
for which they were appointed, namely, that setting aside certain 
proportion the income from the operation the property and in- 
vesting securities held against the redemption bonds 
when they became due. The situation was trying one, and one that 
ought not have existed. 

The sinking fund was invented protect the bondholders who 
might think that otherwise the city would not able raise large 
sum money the maturity the bonds. That the only 
possible justification for its existence, grant the solvency 
the city company, and assume that they will able refund the 
bonds when they become due, better every way that the allow- 
ance for depreciation, the sum that would otherwise 
sinking fund, should invested the plant far there 
need it. 

The author does not know any sinking fund that has been estab- 
lished for the especial purpose meeting depreciation. Such fund 
suggests would one which annual depreciation allowances 
would paid, and from which money would taken replace worn 
out discarded parts, and the amount such fund, thinks, 
would. not often exceed 15% the value the plant. The 
writer. feels that the question whether such fund necessary 
desirable must those who operate the plant. desir- 
able, suggests that might more appropriately called 
its function would quite different from that ordinarily 
the term, “sinking fund”. 

the writer’s feeling that, far such fund working 
reasonably necessary and desirable for the proper and eco- 
nomical administration the plant, the amount such fund might 
properly taken into account fixing the rates that might charged 
without exceeding those that would yield fair return the 
reason for taking into account otherwise any part 
the value the original plant that may have been depreciation 
making such rates. the privilege and duty public 
service corporations charge rates that will permit marking off 
proper allowance for depreciation. When this allowance has been 
once determined and marked off, there would seem equitable 
reason why the capital thus marked off should further considered 
with the question fair rates. 
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TABLE 


$100.00 
38.40 


Original 


Sinking fund in 
Investment in betterments, through 
later security issues............... 


Total paid 


BY 
PuBLic. 


Allowed as 5% 
for depreciation reserve...| 0.83% 


1.67 


Allowed as 
0.28 


for depreciation reserve. ..| 0.83% 


Total for depreciation reserve. . 
Total available for dividends. . 


Original investment ............ $100.00 
Depreciation reserve reinvested as 


33.40 


Total paid by public.,............... 
Total 00 


AVAILABLE 
FOR 
DIvIDENDs. 


AVAILABLE FOR 
REPLACEMENTS 
AND RESERVE. 


Paip BY 
BANK. 


Rate. | Amt. | Rate. | Amt..| Rate. | Amt. 


0.28 


BY 
PuBLic. 


Rate. 


epreciation increment. 


Allowed as 
Allowed as 


Allowed profits depreciation 
reserve 
Allowed as depreciation increment, 


Available for dividends......... 
Total depreciation 


Amt. | Rate. 


ALLOWABLE 
FOR 
DIvIDENDs. 


AVAILABLE FOR 
REPLACEMENTS 
AND RESERVE. 


Paip By 
Bank. 


Amt. Rate. Amt. Rate. Amt. 


r 


5% | $5.00 


Nore.—The tota!, $2.78, to depreciation reserve. represents $2.50, the constant increment on original investment (after 40 years life) and 


$0.28, a depreciation increment on ae reserve (Case 2); or investment in betterments (Case 1). 
nal investment, 


increment originally provided orig 


This proportional depreciation 
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out, the returns bank sinking fund will less than the returns 
similar funds reinvested the property itself, and therefore the 
public would ordinarily actually benefited such reinvestment, 
that the depreciation increment, which must included the rates 
paid, could reduced. 

This should show clearly that reinvested fund 
tainly not matter mere bookkeeping. 

may the fund not safe when thus reinvested, 
but the assumption ‘must made that, under public service rate regu- 
lation, the rates upward when necessary well 
downward, that constant and safe return will obtained from 
utility investments, and, this done, the reinvestment 
money the property ‘will the safest possible method handling 
funds. 

public utility investments are not made safe under Government 
regulation, Government regulation will certainly fail such, and 
either destroy the utilities necessitate Government ownership; be- 
with uncertain interest returns, held low rate, ‘no capital 
will obtainable for investment such utility. 

may also argued that, the time where dividend returns 
the sinking fund reached the state balance and become 
sufficient cover the annual depreciation replacement, fund rein- 
vested the property not such shape ready use 

noted, however, Mr. Alvord says, large replace- 
can generally foreseen for number ‘years, and new 
ment; the betterments constructed under the original sinking fund 
ean then transferred capital the new securities 
issued, and account credited with the replacement 

similar reasoning will hold for any outside investment, provided 
such investment and provided the’ returns from such fund are 
turned back into and the whole held part the utility, and, 
additional advisable qualification, that such investment liquid 
form. That is, investment bonds other com- 
panies which have ready sale, and may therefore considered 
liquid. one could object investment Government 
bonds being any less safe less real fund than such 
fund held bank trust. 

The also like add that, addition believing 
that any properly kept sinking fund good reason for not deducting 
depreciation valuations for rate-making purposes, also believes 
that, even some cases where such fund does not exist, may 
proper omit the deduction depreciation. Perhaps would 
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better say that the writer believes that depreciation general 
should not deducted, except cases where clearly shown that 
the property has been mishandled the payment excessive 
dends, mismanaged some other way, whereby the 
sinking fund has been prevented, when such fund has been mis- 
managed. 

Take, for instance, the case company which gone into busi- 
ness recently proportion the average life its properties and 
equipment. Assume that such company has been business years, 
with average property life years. many cases the prop- 
erty might not have paid during its early life, and with the rates 
present force has just arrived the point where able set 
aside money for replacement fund and pay dividends. Assume 
that the earnings are sufficiently large supply depreciation 
ment which the remaining years life will give the total fund 
required, which fund, theoretically, should have been started years pre- 
viously with smaller depreciation increment. Would fair, then, 
such company, which has received return its investment, and 
has been unable, because earnings were too small, provide deprecia- 
tion increment, cut its rates now basis fixed depreciated 
valuation. Such property without regulation eould doubt con- 
sidered good and well-handled investment, business investments 
go, and still would placed among the class failures its rates 
were depreciated valuation, just shown. any 
event, rates this are based such depreciated valua- 
tion, would seem only equitable make them sufficiently high 
afford depreciation increment large enough return the entire in- 
vestment the remaining life the plant. 

admitted, course, that, using valuations from which 
depreciation has been deducted, rates can still fixed logically and 
equitably proper handling such depreciated valuation and 
allowing earning cover depreciation increment based the re- 
mainder the life the property, shown Mr, Grunsky the 
paper which Mr. Alvord has referred, 

The whole question whether not depreciation should 
deducted from physical valuations for rate-making purposes would 
seem the writer largely matter whether not the public 
utility had been handled his opinion Grunsky’s 
theory entirely correct, and, could applied to. any 
rationally handled property. would seem that theory any 
kind can made apply property which has not been handled 
reasonably and honestly its management, and the same time 

Where property has been earning large returns, dis- 
bursed them fast earned, and over and above divi- 
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dend rate; and where, the same time, sinking fund has been 


depreciation results whole, and therefore must suffer the penalty. 

This, however, would not seem disprove the theory such, and 
argued Mr. Grunsky, that, general, depreciation should not 
deducted for rate-making purposes. 


interesting paper illustrates anew what different mental paths 
different men have reached similar conclusions. 

the writer’s views depreciation are consonant with those set 
forth the Speeial Committee this Society the Valuation 
Public Utilities its report which will print before this dis- 
cussion, the writer does not purpose more than attention 
certain points the application the equal-annual-payment method 
figuring depreciation, compared with the ordinary sinking-fund 
method referred Mr. Alvord. The fundamental difference 
the two methods consists the fact that under the equal-annual-pay- 
ment method, depreciation treated annual amortization 
repayment capital (renewals per being treated new con- 
struction), and the necessary accretion figured the sinking-fund 
basis assumed paid the owner with the annual uniform 
depreciation allowance, figured the sinking-fund basis; whereas 
under the ordinary sinking-fund method treatment the necessary 
annual made sinking fund which must kept 
intact until the amortization the item property under considera- 
tion, order that the fund may earn its own accretion. Under the 
former method the depreciation allowance actually deducted from 
the value the property, fair return predicated its 
depreciated value. Under the latter method, although the fair return 
predicated nominally the depreciated value the property, the 
sinking fund must allowed earn accretions, and, therefore, 
effect, the fair return, until the sinking fund any item property 
complete, must based the full original value, otherwise the 
owner will denied portion his legitimate return. exami- 
nation the table the Committee’s report showing the annual 
depreciation allowances item property having life 
years, will make this clear. 

Under the equal-annual-payment method treatment, the annual 
depreciation allowance each year over that the previous 
year the amount interest accretion the payment the last 
year, inereasing item property having 20-year life, for 
instance, progressively from $3.02 per annum the first year $7.64 
the last year, figured rate, the sum the total payments 
amounting 100% the 20-year life. This effect equivalent 
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figuring the depreciation the sinking-fund method the original 
value the property throughout the period life this item; 
would done the sinking-fund method, being assumed, however, 
under the latter, that the sinking fund itself the accretion. 

Why, then, may the equal-annual-payment method 
preferred the ordinary sinking-fund ‘The answer 
found the fact that the accounting perhaps somewhat 
simplified, and, most important all, that the combined_ payments 
depreciation and fair return are, due consideration the 
increasing cost repairs during the life the various elements 
the property, made nearly practicable, or, all events, 
are made much more uniform than sinking-fund method 
ordinarily applied. 

its practical application, has seemed the writer likely 
prove advantageous establish the approximate allowances 
made for depreciation intervals years, more less, and 
vert the estimated allowances allowance, into 
gross revenue, rather than percentages reproduction, cost, purely 
grounds expediency and application. Under such 
method it- might found, for instance, that per 
annum the gross revenue should charged off depreciation 
amortization property—renewals, previously stated, being charged 
new construction. Thus depreciation allowance would grow 
annually with the increase revenue, which is, accompa- 
nied with increase investment and value in. property. 

attempt apply the depreciation allowance percentage 
reproduction cost involves keeping most careful track the various 
elements property groups property having lives different 
estimated and subtracting from these groups new 
plant built and old plant abandoned—a very laborious and difficult 
accounting problem. Under the other method book ac- 
counts can kept the deduction depreciation and 
memoranda the property which has actually gone out service. 
the stated periods, then, the more difficult task comparing the 
sumptions with the facts developed the 5-year interval can 
accomplished, and any necessary changes rate allowed 
effected. 

Under the equal-annual-payment method and commission control, 
does not matter seriously the allowance for depreciation some- 
what larger than necessary, provided not seriously burdensome 
the rate, for the reason that the rate-payer immediately benefits 
the reduced revenue required, resulting from the amortization: 
the property. The owner, the other hand, does not suffer, 
repaid equivalent the property thus amortized. 


I 
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Although, theoretically, new construction were added the 
property, the depreciated value the property would gradually de- 
also the fair return, practically, such condition likely 
arise, inasmuch corporation properties are operated 
perpetually, and with the growth which enjoyed the majority 
American cities the renewals and the new construction required will 
more than offset the depreciation allowance, that the actual depre- 
ciated value the property will practically likely increase rather 
than decrease, will, therefore, the amount the outstanding securi- 
ties the corporation. for short time, this should 
not the case, then the repayment capital through depreciation 
account could carried the bank otherwise invested temporarily 
until the need does arise, can used actually reducing the 
mortgage debt retirement portion the bonds, which bonds 
could re-issued later date when the funds are required. 

the sinking-fund method, applying depreciation, the easiest 
practical method accounting the sinking fund probably the in- 
vestment the depreciation account the bonds the company, 
the funds cannot absorbed new construction, and the keeping 
alive these bonds, with the re-investment. the coupon interest 
them depreciation account. 

Mr. Alvord’s comment, that depreciation allowances are not used 
the owners public service corporations renewals, new con- 
struction, amortization debt, but ‘are used instead for outside 
investment, the owners must make recognition such deduction 
far the public concerned, sound; and these depreciation funds 
re-invested renewals construction, the writer the 
opinion that fair rate return should allowed them allowed 
the remainder the property, and not simply bank interest rates, 
for the reason that such investment the property, hazard as- 
sumed which must compensated, and further borne 
mind that there always some loss interest the delay prompt 
investment the sinking-fund surpluses which may accumulate 
from time time. 

the case the equal-annual-payment method, becomes mat- 
ter indifference the public how the depreciation funds are utilized 
the owners the property, inasmuch the value the property 
which the fair rate return predicated decreased annually 
the amount this depreciation allowance, and seems fair and 
safe under operating conditions figure the accretions annual de- 
preciation allowance paid the owner the basis rates 
which money could obtained the corporation with. ample 
security. 
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possible for any one who truly interested this subject read 
Mr. Alvord’s thoughtful discussion without valuable stimulus, 

the case well-established public utility properties, does not 
seem reasonable consider that sum money may with pro- 
priety laid aside trust fund which the amount determined 
the amount which the reproduction cost the physical property 
new exceeds physical value depreciated, with the 
rules laid down Mr. Alvord. There may possible cases where 
special conditions, such hazards the business, might make neces- 
sary the laying aside sum such amount, even more, but 
the depreciation element the property, defined this paper— 
and with which definition the writer heartily agrees—can never justify 
such trust fund. must readily appreciated any one who 
has given this matter careful study, only relatively small part 
such amount ever required account depreciation usual 
public utility properties, and, such being the case, how can any one 
justly permit sum money amounting from 15% 
the value such property lie for all time trust fund. That 
exactly what would done service company permitted 
sum equal the aforesaid difference lie trust fund, and did 
not differentiate between the part that might necessary for use 
replacement and that which the nature things could 
thus used. 

the matter whether, determining the fair value 
utility property for rate-making purposes, the reproduction 
value new the reproduction value depreciated more important 
arriving fair value which the rate return shall made, 
consider for moment public utility property from the time begin- 
ning business. the beginning the company has right earn its 
current operating expenses, reasonable sum cover depreciation ex- 
penses, reasonable sum for reserves, and reasonable return fair 
valuation its property. the company unable this during the 
early years its existence, certainly equity has right either 
add the deficits its investment which may earn reasonable 
return, have them made some other way. When the time 
arrives when the company can begin make money, there prac- 
tical reason require that shall build larger reserve fund 
than the exigencies the business require; therefore, not logical 
assume that the owners have taken out part the value the 
plant when they have not built depreciation fund amount 
which entirely unnecessary for the most economical and reliable 
operation the property. equally illogical assume that any 
part the earnings the property should considered constitut- 
ing such unnecessarily large fund. 
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The writer believes that undue placed depre- 
ciation plant without due consideration being given the 
whether the property kept such condition 
give substantially good and economical service new property 
and fully safeguarded its reserves from financial breakdown. 

this the writer does not wish imply any lack appreciation 
the vital necessity for vigorous carrying out safe depreciation 
programme, and his position these matters fully attested his 
paper this subject early 1910 before the Western Society En- 
gineers, and his discussion written 1911 for the American 
Academy Political and Social Science. There undoubtedly 
more unavoidable expense met any public utility company 
than depreciation expense, that. is, the expense for renewals out- 
used plant. 


Lavis, Am. Soc. has always seemed the speaker 
much easier visualize depreciation and place value 
than estimate appreciation properly. inclined agree with 
the author, that can demonstrated, least from purely theo- 
retical point view, that when depreciation not offset actual 
its value should deducted order obtain the 
present value physical property. When, however, valuations, 
railroads are made for the purposes rate-regulation rate-making, 
seems there might good reasons for not making the de- 

The discussion which follows confined the effect this theory 
the valuation the properties railroads, the speaker’s experi- 
ence has been principally with this section the industries the 
country coming under the general heading public service 
utilities companies, and though probable that the general prin- 
ciples may hold good any there may some inherent differ- 
ences connection with the properties some the other sections, 


such lighting, water supply, with which not familiar, 


which when applied them might modify the conclusions. 

also seems best confine any discussion this subject cases 
where the depreciation normal, that say, the case rail- 
roads, where the plant, roadbed, equipment, maintained such 
condition give the public reasonably full and efficient service, 
which with the present close inspection and regulation the National 
and State authorities, should true most railroads. Abnormal de- 
preciation, any event, requires special treatment, reduction 
rates, course, would not tend build property which 
badly run down. 

The theory that depreciation should not deducted when valua- 
tions are made for the purpose establishing rates has been advanced 
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papers recently presented the Society, and Gillette, Am, 
Soc. E., brief recently submitted the Public 
mission the State Washington. Mr. Alvord points out other 
differences opinion regard this matter, and intimates quite 
truly that proper understanding not easy. 

sinking fund maintained cover properly such ‘deprecia- 
tion there may be, there can hardly difference opinion that 
rates should based the full value; this the author 
however, sinking fund not maintained, claims that the value 
not the property, and, therefore, the publie should not asked 
provide interest such full value. points out also that, 
the United States, sinking funds are not usually maintained. 
reference this may noted that sinking fund 10% the 
capitalized value our railroads would amount about 500 000 000 
—much more capital than can afford have lying idle. 

order understand the argument those who claim de- 
preciation should deducted, where sinking fund not 
maintained, take concrete example: for instance, new railroad, 
the value which, for convenience, will assumed $100, and 
fair return the investment per cent. Assume, also, 
rates provide for the establishment sinking fund. 

the end years the road rendering full and adequate 
service, though parts its structure and equipment show signs 
wear. The roadbed, the meantime has consolidated and its 
value has appreciated. Assume, however, for the purpose the argu- 
ment, that after allowing for the appreciation, the net value 
the depreciation per cent. The actual value the property 
then $90 and the sinking fund would $10. 

Under these conditions will admitted that the rates should 
maintained provide the the amount the full original 
investment, inasmuch the sinking fund produces nothing. 

During the period under consideration the annual revenue and 
expense account the railroad might approximately follows: 
(Round numbers are taken for the sake clearness.) 


Now, suppose that during this period the dollar, instead being 
added yearly the sinking fund, paid out dividends, which have 
been instead 7%, that the end the years the $10, 
instead forming the sinking fund, have gone back into the pockets 
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the owners, then, claimed, the public should not asked mr. 
pay rates the full $100. the case practice were 
simple this, there would little need further argument. 

The practice the United States, however, has not been estab- 
lish sinking funds, which produce nothing, but often put the money 
back into the property for betterments. 

the case new railroad, such the speaker 
temporary measure, some the slopes the cuts are not fully 
taken out not trimmed until after operation; the line 
not completely ballasted; settlement embankments has 
taken care of, and on. Much this work done during this first 
period with the which would have gone form the sinking fund. 
Later, the surplus earnings provide for gradients, 
improvements alignment, elimination crossings, etc. 

Europe and most other countries the world, except North 
America, all such work usually additional capital ex- 
penditures, and largely for this reason that the capitalized value 
per mile railroad Europe much greater than the United 
States, the capitalized value English railroads being almost twice 
great. There some railroads Europe, and particularly 
England, have cost more because they are much better; this, 
however, not so, least not nearly the extent the very much 
greater capitalization. 

regard betterments and improvements paid for out earn- 
ings, the argument, course, that properly made valuation 
existing property, the appreciation due money spent for 
betterments and improvements will duly allowed for, and that when 
depreciation due actual wear and tear should deducted, 
order get the true fair value the property use, 

appreciation the thousand and one improvements 
property any well-established railroad can properly allowed for, 


well and good, but, the speaker, this seems diffi- 


cult, whereas there never any difficulty allowing sufficient depreci- 
ation, that, after the question resolves itself into the ability 
make true valuation the physical property. 

There doubt that and just valuation, equitable alike the 
public and the owners, can made, but that can mathemati- 
more probability over-estimating depreciation and under-estimating 
appreciation, one may very, well hestitate before deducting the former 
from valuation used for the fixing regulating 

most. the valuations which have been made public, 
called present value has been estimated from about 15% 
less than the estimated cost reproduction new. cases ap- 
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preciation due the consolidation the roadbed, etc., has been al- 
lowed, but apparently the net result show present lesser value, 
and, according figures generally accepted far, the normal depre- 
ciation well-managed and properly maintained railroad as- 
sumed about per cent. 

seems the speaker that this amount might well be, and prob- 
ably generally is, offset what might called “not easily apparent 
appreciation.” Any railway man experience can easily imagine 
work physical character done well-established road, 20, 30, 
years old, which not easily apparent, the worth which, how- 
ever, still exists. 

article* describing the construction ‘of railroad recently 
completed near Kansas City, the Chief Engineer makes the statement 
that the newness the road, the train are not 
yet fast they will later.” 

describing some recent new work improve- 
ment the Nashville, Chattanooga and St. Louis Railway, occurs 
the following: 

“On the new roadbed heavy bed cinders used for ballasting, 
this more easily surfaced during the inevitable settlement 
the fills, and forms eventually good sub-ballast between the roadbed 
and the permanent stone ballast.” 

These, course, are only specific instances what all experienced 
railroad engineers know, but seems the importance this phase 
the valuation question not always fully realized, largely because 
many the values thus introduced into railroad property are not 
easily apparent. 

There possible doubt that any our modern rail- 
roads are better transportation machines they stand to-day, with 
rails and ties partly worn, with other parts the equipment showing 
some wear, than they would were able replace every part 
parts the railroad machine, such rails, ties, rolling stock, 
one can easily visualize and value the depreciation, but known 
that the well-established railroad, whole, better and more 
cient machine to-day than was the day was built. 

Knowing this, and there can doubt it, there something 
wrong somewhere with theory which gives lessened value 
machine which better than new, and ‘seems the speaker that 
the trouble principally is, not the fact that depreciation calculated 
and allowed for, but that appreciation not appreciated. 

estimating the value, whether for rate-making for any other 


Engineering News, October 9th, 
Engineering News, October 28d, 
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road, depreciation may estimated and deducted, but one should 
also sure that full value given the appreciation, the develop- 
ment costs, and the other elements which make the efficient 
transportation machine. 


Humpureys, Am. Soc. E.—The reading 
this paper should help emphasize responsibility which to-day rests 
heavily the engineers the United States; namely, educate the 
public and their representatives legislatures, commissions, and 
Courts, many them necessarily ignorant the questions involved 
valuations and rate-making. we, the engineers the country, 
are charged with especial responsibility because our specialized 
training. First should, among ourselves, our utmost form 
right judgments these momentous questions. with great regret, 
therefore, that the speaker finds himself almost completely out ac- 
cord with the views expressed this paper. 

are to-day passing through period trial for our form 
government. Therefore the speaker feels particularly that, with regard 
all public questions, must frankly express our honest opinions. 
This the only way left meet effectively the mass bad advice 
which being fed the public. 

the first lines the paper stated: “that space will not 
taken here review fundamentals”. The author then proceeds 
discuss the very fundamentals the subject depreciation, and 
support views which, the speaker’s opinion, are fundamentally wrong. 

the speaker understands the paper, the author attempting 
confine himself practically “the relation depreciation cost 
new”, which, says, “vital”, and that only one line evidence 
(reproduction cost new) considered. The speaker not pre- 
pared agree that “other lines evidence are equally important be- 
fore arriving value”. 

Mr. Alvord refers some writers who have and have not 
agreed with him, and continues: 


“Here, therefore, there seems very serious disagreement, 
among authors who have written recently this subject, whether 
not depreciation should. deducted from the cost new property 
for finding value for rate-making purposes where 
method adopted basis value. seems desirable, there- 
fore, present further study this question.” 


Certainly, this paper makes more than ever desirable that there 
should further study this question. Although the speaker over- 
whelmed the present time with duties feels that 
would delinquent did not contribute his little share this 
much needed discussion. 
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Mr. Alvord says: 


“The sinking-fund method seems accurate way compute 
depreciation where all most the life history known, con- 
sists largely finding past depreciation.” 


First, the speaker objects the use the term “accurate” con- 
nection with estimates depreciation accrue. Again, objects 
the intimation that assumed working basis that “all 
most the life history known.” This life history large part 
must depend the books account and other records, which fre- 
quently are incomplete, and, even when complete, have been influenced 
many changes the system accounting. 

Again, many cases, the existing company is. the consolidation 
many smaller companies, the books which are not available, 
and available are found not self-explanatory. would appear 
should not necessary say men experience anything 
more, even much the speaker has said, this point, 

The author then says: 


“The sinking-fund method computing allowing for deprecia- 
tion consists determining useful life the structure 
machine under consideration.” 

Here appears confusing estimated accruing and accrued 
depreciation with actual depreciation; but let that 
shall say authoritatively what the “proper useful life” any part 
plant. There are those who assume that the life parts plant 
can found reference tables prepared so-called experts; but 
surely this absurdity cannot supported men who have had ex- 
perience constructors and operators. determine how much 
should allowed for annual expenses cost, may well estimate 
the life each part plant, knowing that these figures may prove 
far from the fact; and hence are justified making liberal 
estimate for this purpose. 

Here, however, must never forget the underlying reason for 
this estimate and the journal entries based thereon, namely, spread 
the cost final renewals uniformly possible 
benefited, that shall not deceive ourselves losses and con- 
sequently profits. Especially should careful not over- 
estimate our profits, and hence should sure not under-estimate 
the cost final renewals. 

The speaker wishes that the term “depreciation” had never found 
favor. Much the present confusion thought this would 
avoided only the term renewals” 

Here once seen that. such should not form the 
basis for determining present This should determined 
closely possible the exercise engineering,, managerial, and 
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accountancy ability, based academic and practical considerations, 
chiefly the latter. 

Here have the all-important difference between estimated ac- 
depreciation element cost, and actual depreciation 
establishing the present value asset; this last actual expert 
examination, having mind physical decay, obsolescence, and in- 
adequacy. 

Again, Mr. Alvord says: 

“In case portion the life has passed away, the present value 
such structure assumed be, general way, the present cost 
replacement new, less the accrued amount the depreciation fund 
date,” 

The speaker has just shown why the amount sinking fund 
may properly quite different from the actual depreciation. 
based estimate made advance, and many assumptions. 
making appraisal have before the present facts physical 
condition, obsolescence, and inadequacy. the first case have 
foresight, and the latter have the advantage backsight. 

determine the actual cost, would one engineer’s esti- 
mate the cost some large construction, the record the 
money actually expended, which would cover all omissions, contin- 
gencies, overhead charges, the first course were the 
speaker fears that the business world would more than ever criti- 
cal engineers’ estimates, which have often misled investors 
because the omissions referred to. 

Supposing the existence approximately determination 
the actual depreciation date, the speaker contends most emphati- 
that, although perhaps the plant thus reduced value, 
deduction therefore should made rate-making case. 

meeting this proposition, the question asked frequently: 
“Would you pay much for old plant for new plant?” 
and the questioner thinks that the question settles the matter. 

Not so. purchaser, there were any real depreciation, the 
speaker would claim reduction. Why? has assume 
the liability for the final renewal the plant. rate-making ease, 
however, that liability still rests the owner, and therefore the plant 
must considered maintained maintained the owner. 

Mr. Alvord, strangely enough, admits that “no deductions from cost 
new reproduction where that method establishment 
sinking fund under trust being used, would neces- 
sary”. Then says: 

“Where proper depreciation fiind not set aside actually, 


only estimated and written off the accounts, there such condi- 
tion, and the matter writing off the owner his books amounts 
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only opinion his what such depreciation fund should be, 
but does not all produce such fund, make available; 
sequence which, appraiser, using the cost new reproduction 
method one the means arriving the value the property, 
and finding depreciation fund actually hand trust, obliged 
deduct from the property.” 


the appraiser “obliged” deduct because opinion thus 
expressed 

Mr. Alvord shows that the owner alive the fact that deprecia- 
tion cared for, and that refuses inflate his profits ignor- 
ing that fact. his act shows that liable for the cost 
renewal, and that this item cost must obtained from income. 
buyer would trade this admission get lower price, but, 
before shown, even then means follows that the seller would 
have deduct the full amount thus written off. That not question 
the fair determination values and the fair fixing rates, but 
bargaining. 

Mr. Alvord then proceeds: 


other words, amount accounting theorizing can make 
good depreciation fund which actually not hand. clear per- 
ception this principle will save much confusion thought.” 


Here Mr. Alvord mistakes his assumption for established. fact. 
The speaker fears that that weakness throughout the paper. 
The Standard Dictionary defines part, follows: 


source cause from which thing proceeds; power 
acts continuously or. uniformly; permanent fundamental cause 
that naturally necessarily produces certain results, That 
which inherent anything, determining its nature; essential char- 
acter; essence.” 


Here, then, found that, notwithstanding his disclaimer, 
before referred to, Mr. Alvord discussing fundamentals. 

The speaker presumes that much confusion thought might 
saved all were prepared adopt blindly Mr. Alvord’s dicta and then 
refuse confuse their minds further independent thinking. 

Now, come down facts: Assets are widely variant 
Cash excellent asset, the money honest money. Particularly 
promise the part the government, bank, or, not 
actual cash, might promise pay the trustee fund; 
but government bank promises pay are not always made good. 
There has been little repudiation, even this enlightened country. 
Or, government notes may greatly have also had 
that experience the United States, condition corrected 
the courageous act great President now passed his reward. 
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more, the trustee fund may default—not unknown occurrence. 
Now, the owner solvent and agrees make good the loss due 
depreciation, that is, renew the plant, and this assumed liability 
shown the books, there must corresponding asset, else money 
not earned has been paid out dividends. The entries referred to, 
however, have been made guard against such ruinous course. 
Naturally, the speaker not referring fraudulent bookkeeping 
fraudulent management, but following Mr. Alvord assuming 
normal conditions and management. 

This asset, not retained, will all probability appear 
additional plant paid for from earnings, and may regarded 
borrowed from the depreciation reserve. The fact that where the 
depreciation reserve treated this way has borne mind 
that all parts plant which appear the appraisal inventory 
having been paid for from the depreciation reserve fall one two 
classes 


which have been installed renewals replacements, 
and are, therefore, place parts represented the original 
investment, and hence included such; 

2.—Parts plant which have been installed extensions bet- 
terments, and have been paid for with money borrowed from 
the depreciation reserve. 


These parts, therefore, should included the inventory and ap- 
praisal, because they are not duplications investment, but represent 
additional investment. 

the case interest-bearing depreciation reserve, the balance 
the reserve should credited each year with interest the rate 
agreed on. Then the money thus borrowed has returned when 
required for final renewals, and must repaid from capital. the 
meantime the company has been able defer the day for final 
ing. These extensions and betterments can considered ‘as capital 
investments, the amounts borrowed from depreciation reserve standing 
against the owners. reference this matter, the point 
may made again that, whether not there depreciation reserve, 
the liability rests against the owners. The setting 
the reserve is, before shown, spread this item loss uni- 
formly possible over the periods benefited. due final 
renewals will, occur any case, though not exactly the amount 

Mr. Alvord then attempts show that the deduction for deprecia- 
tion would not lead progressive the rates. dis- 
cussion carries under the headings, “The Attempt. Simplify 
the Question”, “Perpetual Life”, “Utilities Commonly Require Grow- 
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ing Plants”, “Earning Power the Depreciated Plants”, “Natural 
Accretions”, and “Sinking Funds Inherent Part the Plant”, 

The speaker agrees with some the statements makes under 
these headings; but disagrees absolutely with his conclusions. 
page 796 the author states: 


“Tt clear, therefore, that, far valuation for the purpose 
sale concerned, right and proper that, the absence actual 
sinking funds any sufficient reserve fund, should deducted 
from reproduction cost ‘cost new’, when that method 
ascertain value. Does not this also hold good the case valuation 
for 


presumed that the author looks for reply the affirmative 
this question. The speaker unhesitatingly replies the negative; 
and this, thought, where Mr. Alvord and his many adherents 
astray. 

The case purchase and sale has nothing with the question, 
and the author has supplied, presumably unconsciously, many argu- 
ments support this position. What has say under “Perpetual 
Life,” can serve example. 

What the public concerned the quality the service ren- 
dered. That the test. for the commissions see that the 
service adequate quantity and quality and that the investment 
and its return are not exorbitant. 

turning fixed asset into liquid asset. There may many reasons 
for the owner’s willingness sell well below value; but any case 
should willing deduct fairly for accrued actual depreciation, 
because the buyer has assume the liability therefor. the seller 
can turn over sinking fund, which the opinion the buyer 
sufficient offset depreciation, then his liability covered. 
All this provided this the best bargain can make; for bargain is. 

Under the heading, “The Practical Treatment Depreciation 
counts”, Mr, Alvord takes, example the point trying 
demonstrate, the case railway having extra rolling stock which 
only needed certain seasons the year when the traffic amounts 
maximum”. Then shows the property would not 
valuable this extra rolling stock were sold, relying the chance 
buying back when actually needed. Again, the test one 
service. this rolling stock had been sold before the appraisal were 
made, and not replaced, naturally the decrease value would 
reflected the appraisal. all the property had been sold, would 
have still greater effect the appraisal, because appraisal would 
necessary. 
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wind this part the discussion Mr. Alvord says: 


“To state another way: utility company plant not 
valuable the without reserve fund for replacement 
with such fund intact and hand and promptly available.” 


This not stating another way, but entirely different 
proposition. The reserve fund matter finance, The cars might 
not purchasable for immediate delivery, but this means shows 
that money for replacements could not obtained simply because there 
was not cash enough hand, case almost unbelievable, pro- 
vided the owner enjoyed the ordinary good credit service 
corporations. question service, and the public not 
interested the financing the replacements provided the amounts 
thus expended not add the capital burden. 

Under the head “Outside Investment Depreciation Funds”, 
Mr. Alvord objects investing the depreciation reserve betterments 
which might give 8%, instead the guaranteed per 
refers “the general risk incident the the 
capital invested subject this risk, there good splitting 
hairs about part the investment; but Mr. Alvord 
thinks that works injustice the public the owner gets 
these betterments. the return allowed for 
the amount annually set aside, does not. The returns are 
lieu the interest otherwise allowed the banker who holds the 
depreciation fund, and these returns are required bring the reserve 
the required amount. the extra rate earning, there 
injury the public the property prospers because this 
any other Also, the speaker imagines that Mr. Alvord has 
failed appreciate the fact that, rule, extensions thus made 
not pay high return the start and are frequently made advance 
paying demand for the service. 

The speaker, manager, has had face this problem not less 
than fifty cities the United States. 

Under the head “Present Mr. Alvord says: 


“The rate commissions have not this question [that 
deducting ‘theoretical depreciation fund’], nor has been effec- 
tively presented them, but believed that, when discussed, 
will along lines which are here indicated.” 


Believed whom? The speaker quite disagrees correct- 
ness the can hardly think any question which has 
been more the cases which knows. also ventures 
believe that the questions involved have been “effectively presented”. 
The statements have not always been understood, for those whom 
the statements and arguments were addressed were 
through lack training and lack experience the several lines 
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construction and administration, incapable understanding. the 
matter presented. 

Under the head “Should Sinking und Earn Full Return” 
Mr. Alvord says: “We will have await with patience the conclusions 
the older commissions which are giving this matter study”. Again, 
the speaker completely disagrees with him. not for “await 
with patience”, with impatience, the conclusions the older com- 
missions, the younger commissions, any point. for 
ahead with open minds determine what believe fair and 
honest the and public utilities, and our best educate 
the public and the commissions. they are right and are wrong, 
means follows that are accept correct the rulings 
the commissions simply because have govern ourselves thereby 
until these decisions are reversed. Even the Supreme Court the 
United States not infallible. 

The speaker also objects the reference the “older commissions”, 
they necessity were most likely give just decisions. That 
does not follow. There may old commission with new per- 
sonnel, and “the last state may worse than the first”. 

Under the head “Depreciation Accounts”, Mr. Alvord indicates 
that his opinion the cost depreciation should estimated liber- 
ally. says, “Some allowance must made for the unknown”; 
also, “From time time adjustments will have made correct 
for errors judgment future This quite true; but 
the unknown has not happened when the rate-making appraisal 
made, and “adjustments ‘to correct for errors judg- 
ment” have been made, how about deducting from cost new the full 
amount thus accumulated the reserve? 

the speaker’s experience the so-called experts for the 
people deduct the depreciation according assumed “average life”, 
and they not worry about the “unknown” “errors judgment”. 
They are used dealing both the unknown and errors judg- 
ment that they have long since ceased worry. 

page 803 Mr. Alvord says; 

“When renewals are made, the depreciation account 
debited with the outside capital replaced the plant the owner, 
and credited the cost the improvement.” 

this one transaction which referred to? 
part the element improvement, but this hardly seems what 
intended. what account “the cost the improvement” 
credited 

The speaker does not find this self-explanatory direction for 
journal entry, and would suggest that rewritten. 
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the Now, the several items the summary: 
Humphreys. 
incomplete. 
speaker disagrees with this, absolutely. 
the facts the are not known. The sinking fund 
not the accurate method computing depreciation. 
The depreciation has before the sinking fund 
can computed. 
quite correct, and furnishes answer and contradic- 
tion much that the paper. 
reference “private gain” not clear. the speaker 
ng, 
understands the statement, considers unfair propo- 
sition. 
ngs 
eby his concluding words, the author says: “all the principles which 
the endeavored herein reason out are not yet generally accepted”. 

The speaker glad able agree with Mr. Alvord here; but 
must farther and express the hope that most these “principles” 
hat never will “generally accepted”. They cannot accepted without 
working confiscation some degree. 

conclusion the speaker begs refer paper recently written 
him which discusses length most the questions raised Mr. 
Alvord. This paper entitled “Depreciation, Estimated and Actual.” 
was presented June, 1913, before the Institution Gas Engineers 
Great Britain, and has been reprinted many the technical 
but journals the United States, and also pamphlet form. 
this paper the speaker supports the proposition that deduction 
dg- should made for depreciation the property has been ‘adequately 
full maintained, and particularly that deduction should made 

account aging the plant. draws the line sharply between 
the estimated accruing depreciation and actual present depreciation, the 
fe”, latter found expert examination the time. also shows 
that not few cases there need for any estimated depreciation 
because the current final renewals make fairly uniform annual 
charge, and this applies properties whole, and many more 
cases parts properties, that those parts can eliminated from 
the estimate accruing depreciation. 
ner, Henry Am. Soc. discussing detail the 
points made Mr. Alvord, some which are well taken, the paper, 
whole, wrong its conclusion and unfair both the utilities 
and the public. 
The author bases his paper two assumptions—which does 
not attempt prove—both which are false: 
both newly originated and long established utilities 
for must treated alike. 


Second.—That depreciation reserve fund necessity. 
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Before undertaking intelligent discussion this subject, there 
must drawn sharp line demarcation whether the valuation 
being considered that relating existing long. established 
corporation, one which has originated under public service regu- 
lation, The same rules may not fairly applied equally utility 
corporations differently originated. 

case property constructed and put into operation before 
the creation regulating commissions, the investors, with the consent 
municipal, State, Federal authorities, and the sanction the pub- 
lic large, were allowed certain things which are longer per- 
mitted under. utility regulation. Where corporation created and 
the money the owners invested, after notice, under conditions 
prescribed advance regulating bodies, there can fair 
honest objection the insistence accumulation depreciation 
funds out and the use such funds any reasonable way, 
but they cannot necessarily used measure the value the 
property which rates are fixed. With respect 
that have been existence for considerable period time without 
commission regulation, and have been following certain generally ac- 
cepted principles with the consent, more less definite, public 
authorities, the speaker takes emphatic exception the proposition, 
advanced the author, that value for rate-fixing purposes must 
determined deducting the amount computed but not 
lated reserve fund from the cost reproduction new. argu- 
ments presented the paper may reasonable when applied some 
newly organized corporations, but they are unfair applied most 
existing corporations. The point made clear that ea-post-facto 
rulings should attempted commissions countenanced such 
organizations the American Society Civil Engineers, simply 
because reserve fund hand. Who shall say that, because 
utilities, had not accumulated reserve funds before public regulation 
was instituted, therefore, the corporations shall now deprived 
part their property. determining rates where the public and 
corporations have consented the existence certain thing the 
past that not legally criminally wrong, and about which there still 
exists honest differences opinion, not fair right, making 
rulings for the future, attempt apply such rulings the past 
the sacrifice investment the jeopardy income. this 
point—the difference between corporation already existence and 
one originated under new laws—that the mistakes have been made 
the rulings commissioners who, for the most part, inexperienced 
utility corporation affairs, have attempted apply theoretically 
perfected methods which are largely the result and 
experience. the old truth, that the same medicine will make some 
men well and others ill. 
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That the so-called, though misnamed, present value not deter- 
mined new less the amount reserve fund 


the fact that fund accumulating for period years, 
based the original investment, would probably result small 
deduction. the reproduction case investments 
which have enormously increased value, and too great deduction 
the case those which have largely. decreased value. 

the, second may certainly questioned whether 
there any necessity for the for the 
purpose ultimately returning to, full value: his. prop- 
erty, except case limited franchises where the lives utili- 
ties are definitely determined. Although moderate 
has been argued for some years the speaker, that there are utilities 
which not require the accumulation any depreciation reserve 
funds whatsoever. corporation which has its widely dis- 
tributed, various characters, with single units relatively small 
value, may not require any depreciation reserve the deteriora- 
tion property—after the first few years operation—is taking place 
approximately uniform rate per annum, and, therefore, all, de- 
preciation becomes wear and tear and taken care 
the annual operating expense; example the Third Avenue Street 
Railway Company, New York City, may cited. This. property 
consists 300 miles surface track, partly overhead and 
partly underground trolley, with rolling stock correspond, of. all 
sizes well storage battery cars, underground conduits, 
eables, overhead transmission systems, car barns, sub-stations, gener- 
ating station, real estate, and other property extending from the lower 
end the Island Manhattan and through the, Bronx and the 
County Westchester, that the exhaustion any physical property, 
far can anticipated, will not result unduly increasing 
operating expenses for its replacement, affecting net income, 
any way jeopardizing service charges the public. Despite the 
orders the Public Service Commission so, the Third Avenue 
Company depreciation fund, and yet operating most 
successfully. 

Why, then, should Mr. Alvord argue that this company should have 
hand reserve fund equal 20% net value its property, 
say, from 000 $15 000 000, for which the corporation has 
use, except allowed earn fair return this property under 
his theory. 

page 798, Mr. Alvord says, public utility owner, under 
such circumstances, tempted let his plant run down, and withdraw 
from the property the funds necessary for its renewal from time 
time, and use such funds for his other gainful purposes.” Except 
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under abnormal conditions, not accordance with 
the Valuations large number utility properties differ- 
ent kinds, made host independent and separate appraisers, re- 
sult showing that the average condition these properties be- 
tween and 90% reproduction value after deducting the amount 
depreciation, determined methods suggested Mr. Alvord, 
the straight-line method caleulating depreciation which shows 
even smaller present value than Mr. Alvord’s method. Consequently, 
may stated, without fear contradiction, that the condition 
the average utility plant not run down, whether not reserve funds 
are maintained. Moreover, utility regulation provides for proper main- 
tenance and this can enforced and secured even 
the exclusion dividends. Take the case corporation which has 
issued only stock, and has bonds mortgage indebtedness out- 
standing—as not unusual, particularly New England—in such 
case, the entire interest the stockholders guaranty good 
service. Why, then, must the public further protected un- 
wieldy and useless reserve fund, which service the corpora- 
tion, except permit earn the full value the property? 


whether not depreciation should deducted from the cost new 
property finding the value for rate-making purposes where the 
reproduction method adopted basis one that has 
often suggested itself the writer, but not recently 
undertaken make comprehensive analysis the subject with 
regard the equity the points involved. Considering the case 
the most simple proposition, cited the author,,where the com- 
posite life entire plant has been estimated, the which 
the plant would subject entire renewal; that say, the original 
investment will have completely disappeared the end this esti- 
mated life, the following analysis suggests itself: 

First, let understood that the obligation renew the property, 
any portion thereof, liability the public utility company, and 
the company has not the eash hand with which meet this 
liability, must assume the burden financing the necessary renewals 
whenever the necessity may arise, and far the public 
cerned, immaterial whether chooses advance for 
the financing renewals setting aside its annual accretions the 
depreciation fund, or, whether chooses make other uses these 
funds and then re-finance the renewals when the necessity arises—pro- 
vided, however, that strong enough accomplish such 
promptly when called so. Furthermore, now conceded 
all authorities that the obligation renew the property, or, other 
words, make good the depreciation, very properly transferred 
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Supreme Court the United States the Knoxville case the 

following words: 

“The Company not bound see its property gradually waste 

without making provision out the earnings for its replacement. 

entitled see that from the earnings the value the property 

involved kept unimpaired, that the end any given term 
years the original investment remains was the beginning.” 


This language clearly defines the underlying principles which should 
govern analysis depreciation. Depreciation obligation 
met the rate-payers—the public—at the time when renewals be- 
come Stating the problem its simplest form, freed from 
all legal entanglements, and considering only equity the case, 
analysis results: 

investor, entering the public dedicates his 
property the public use, and, return, the public obligates itself 
pay reasonable rate return for the use the property and 
restore the owner the value any portion consumed wasted 
the public service; other words, the public obligated 
make good the depreciation. Suppose, now, that the utility, the 


beginning the enterprise, should accept from the. the prom- 
issory notes all the rate-payers, payable demand, without interest, 
the face value these notes aggregating amount equal the repro- 
duction cost the property, being stipulated that the payments 
would demanded only required for the renewal totally depre- 
ciated property. such procedure were practical, and assuming 
that these notes were convertible into gold dollars demand, full 
face value, depreciation would thus provided for; and appraiser, 
called determine the value the property for rate purposes, 
would undoubtedly recognize the injustice deducting depreciation 
from the cost, reproduction any project financed this manner. 

Now, the foregoing procedure exactly what the sinking-fund theory 
is, except that the investor allows these promissory notes paid 
small payments, just sufficient that invested com- 
pound interest, the total sum accumulated the maturity the notes 
(the expectancy the property life), will equal their face value. The 
investor, therefore, depreciation the sinking-fund 
basis, does not fact, far its use value concerned, have any 
his available capital returned him until the end the life the 
structure, and order that may receive fair return the 
value his property, the rates must based the reproduction cost 
the property, undiminished depreciation. the investor chooses 
reinvest the cash hand the fund any time, 
with the hope securing greater returns therefor, must assume 


the risk and incur the liability returning the amount withdrawn 
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plus its accumulations compound when necessary for 
renewal expenditures; for example, collecting depreciation 
the sinking-fund basis, where considered fair rate 
which compound the fund, and able withdraw the fund 
and invest extensions the property, elsewhere, and thus 
realize thereon, the additional due him 
for the effort, risk, and worry inherent the investment cepital, 
and the first 4%, being the proper rate for liquid capital, must 
considered going restore depreciation. 

The writer fails why any distinction should made between 
the case where the sinking fund actually kept the bank 
trust and where kept merely book entry and has been diverted 
other investments. fact, the public, the fundamental prin- 
ciples which the sinking-fund theory compels the utility 
owner invest the depreciation fund somewhere, where will ‘draw 
compound interest, some predetermined rate considered proper 
for and how can matter the public whether 
invested time deposits bank, Government bonds drawing 
the necessary rate interest, private venture where the owner 
perhaps hopes realize 10%—and what matters whether not his 
expectations are realized?’ The public secures its recompense being 
permitted discharge its depreciation obligation paying into the 
sinking fund the smaller annual contributions and imposing the 
owner the obligation reinvesting the fund; and the owner secures 
his reward for reinvestment this venture proves successful, and 
pays the penalty losing one. 

The author states further “that the owner cannot have return 
[the sinking fund] ‘sinking fund’ for depreciation, 
and the same time havé return betterment the plant. 
This would obvious injustice the public.” first thought 
this seems plausible, but, further consideration, not fact that 
the contrary the case, namely, that the public reality owes this 
opportunity for reinvestment the utility owner? 

The public, having imposed the publie utility owner the neces- 
sity for reinvestment the fund where will earn, say, interest, 
should open the avenue investment him when the 
opportunity presents itself. illustrate further, take the simplest 
case imaginable; for instance, gravity system where 
the entire property consists worth wood pipe, having 
life years; the utility owner dedicates this the public 
service, and, return, the rate-payers obligate themselves pay 
reasonable return the investment, and preserve the property 
intact; or, other words, make good the waste from usage. The 
rate-payers provide for the depreciation giving their promissory 
notes aggregating $100 000 face value, payable years after date, 
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without interest. The utility owner permits these notes paid 


annual installments sinking-fund basis, payable the begin- 
ning each year, the rate annum; and hap- 
pens that the betterments, which this instance are for extensions 
the pipe system, require expenditure. $3229 per year. The 
rate-payers, consideration for being allowed care for. deprecia- 
tion paying the sum 229 annually, permit, and, fact, compel,. 
the owner reinvest this sum $3229 annually where will 
earn compound interest, and they also require him invest this 
some other 229. annually pipe lines for extending the service 
new territory; they him extra for these 
new extensions amount equal restore depreciation 
and, addition thereto, reasonable return these further sums 
invested annually. 

Two courses the investor: may leave the first 229 
annually trust. fund, earning 4%, some reliable bank, and use 
229 annually his other resources extensions, or, expend 
the $3229 depreciation fund extensions. the former 
case will find his situation years follows: 

will have the trust fund with which replace the 
original pipe system, and also possession worth 
extensions paid for from his outside resources. the latter case, 
will find the end years that has worth pipe 
requiring replacement, with funds trust, but has the $100 000 
his outside resources which may well now spend all once 
instead the rate $3229 annually, was done the former 
the former Hence, the owner’s financial situation exactly 
the same the end years regardless which method finance 
chooses pursue. The public likewise identically the same 
position either case; for, had the owner left the depreciation account 
trust until the had accumulated, the end years 
that sum due the owner exchange for his worn-out property, 
dedicated and consumed the publie Hence, the public 
could have claim the sum, nor title any portion it. Neither 
the owner the utility nor the public being wise affected 
the owner’s withdrawal the sinking fund for reinvestment for 
extensions the property, would seem proper that the valuation 
for rate purposes should the same either case, matter whether 
the sinking. fund left trust fund used for venture. 
the amount depreciation set aside annually 
the sinking-fund theory, seems, therefore, that deduction can 
equitably made from reproduction cost arriving the proper 
valuation use the basis rates. The rate-payers, therefore, 
should contribute annually 229 for depreciation and the reasonable 
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Mr. rate for interest and profits the owner, regardless whether not 
the depreciation fund held reserve. 


The writer, therefore, can see reason equity for the conclusion 
that any injustice the public results from allowing the owner the 
utility have return the sinking fund for depreciation the 
proper rate interest for such depreciation and the 
same time have return betterment the plant, for each better- 
ment the plant simply means larger larger plant 
which the owner entitled ‘to the proper reasonable rate return. 
Doubtless what the author had mind was that would unjust 
allow the owner reinvest the sinking fund betterments and 
receive thereon, say, net return, and, the same time, receive 
sinking-fund accumulation. seems the writer, 
that when the owner invests his sinking fund betterments, 
private enterprise, and thereby receives return, fact does 
not receive 8%, but, the contrary, receives only 4%, because half 
this return does not represent profit but simply goes restore 
him some his property already consumed the the 
service. 

community constructs utility under municipal ownership, 
almost universally the custom pay for such utility 
bond issue. Now, determine the basis rates such 
enterprise, order that shall made exactly self-supporting, with 
surplus, the amount the original bond issue always taken 
the basis which the community must pay interest, assuming that 
the sinking fund with which pay off the bonds based ex- 
pectancy equal the life the property; that say, the bond 
issue runs for the number years represented the life the prop- 
erty, the community must set aside sinking fund sufficient pay 
off the bonded indebtedness, and must likewise continue pay interest 
the full amount the bond issue, regardless the fact that the 
property itself continually depreciating value. fact, this 
method financing the enterprise absolutely essential the project 
made self-sustaining: How, then, can there any escape from 
the conclusion that privately owned utility must receive its return 
the same basis, for receive less will undermine the integrity the 
investment, and is, therefore, not fair return. course, the 
municipal bond issue paid serially, then the amounts paid off 
from time time would deducted from the capital which the 
public must continue pay interest, but order pay these bonds 
serially, the annual levy contribution for sinking-fund purposes 
must largely excess the amount necessary for the application 
the sinking-fund theory. would seem, therefore, that the proper 
deduction make from reproduction cost simply the amount 
which the actual depreciation allowance exceeds the theoretical accu- 
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mulation sinking-fund account, computed the age and life 
the property. depreciation figured the sinking-fund basis 
only, therefore, deduction should made from reproduction cost. 

The Public Utilities Act California, effect March 23d, 1913, 
provides, Section 49, that: 


“The Commission shall have power, after hearing, require any 
all utilities carry proper and adequate depreciation 
account the Commission may prescribe. Commission may, 
from time time, ascertain and determine order fix the 
proper and adequate rates depreciation the several classes 
property each Each publie utility shall conform its 


depreciation accounts the rates ascertained, determined 


fixed, and shall set aside the moneys provided for out earnings 
and carry the same depreciation fund and expend such fund 
only for such purposes and under such rules and regulations, both 
original expenditure and subsequent replacement the Commission 
may prescribe, The income from the investments moneys such 
fund shall likewise carried such fund.” 


With the administration the depreciation fund accordance 
with this Section the California Act, would seem that such fund 


must kept separate and set aside, and far the owner the. 


utility concerned, has discretion whatever over its disburse- 
ment, and cannot withdraw such fund for any purpose other than 
for the replacement depreciated property. Therefore, depreciation 
equitably deducted from the cost reproduction Cali- 
fornia rate cases when that method used determine the value 
the property. 

Section the Utilities Act Idaho, and also Section 
the Act Missouri, use almost exactly the same 
language the California Section already quoted. This indicates the 
tendency recent legislation require utility 
set aside sinking-fund accounts, or, other words, takes these 
accounts out the hands the utility owners and leaves them 
largely under the control the public through its representatives, 
the public service commissions. There can objection leaving 
the collection and disbursement the sinking fund entirely under 
public control through proper utility commissions, and, fact; 
highly desirable that such should the case, but important that 
the commission should study carefully the conditions surrounding 
each property order that the amount depreciation collected from 
the rate-payers, and thus set aside, shall adequate and 
under all the 

Contingent depreciation should receive special consideration 
each case, its amount depending the nature the property. 
tingent depreciation the sum that should provided from earnings 
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meet unusual unexpected replacements which become necessary 
from time time the experience every public utility, such, for 
example, damage from floods, destruction property earthquake 
gorge, failure water supply, and many sjmilar experiences. 
Depreciation obsolescence changes the art should also fully 
the allowance for contingent depreciation. fact, con- 
tingent depreciation may defined the should provided 
for insurance against such contingencies cannot covered any 
class commercial This raises important question: 
the sinking-fund method computing the depreciation fair the 
owner utility rate-regulation investigation? Evidently not, 
unless the rates are based the cost reproduction undiminished 
depreciation, but, under the usual procedure rate 
extremely difficult, not utterly impossible, receive considera- 
tion for the full reproduction value public utility, and would 
not more adopt some system accounting 
depreciation that secure equity parties considered 
conjunction with proper rate return the remaining expect- 
ancy the Perhaps this can understood clearly 
ownerships. cannot denied that the owner may the prop- 
erty any time and retain the accumulated depreciation fund. This 
fund due him, for, sells the property its fair value, computed 
sinking-fund basis, must retain depreciation fund 
order recover the full amount his investment. 

Consider again the case its simplest form, the gravity system 
water-works previously cited, and, for the purpose 
dssume that extensions betterments are required throughout the 
life the property, and that elements ‘appreciation 
value affect any portion the works. The owner 
should receive from the rate-payers the sum for depreciation 
and reasonable return his investment sells the 
property the end the first year its value, computed the 
sinking-fund basis, namely, The second owner should receive 
from the rate-payers for depreciation the sum 3.475% his invest- 
the remaining life the property, years—and, addition thereto, 
should receive reasonable rate return the reduced capital 
account, Now, such rate equitable each the 
successive owners the property, must equally fair the public 
and the owner throughout the life the property, the same 
ownership continues throughout the entire For the purpose 
illustration, Table submitted, computed the basis 
compound interest the depreciation fund, for interest and profit 
the capital investment, and variable allowance for. contingent 


DEPRECIATION, PUBLIC UTILITY PROPERTIES 845 


depreciation, starting the capital account and increasing 
the property becomes older, the amount increase being such 
preserve constant total from the 
desirable, from the point public expediency, that rates not fluc- 
tuating, and this may accomplished the variable contingent 
depreciation, based that shall represent, nearly 
can predetermined, the facts each under consideration. 


TABLE 

DEPRECIATION, 

Owner. Capital and Contingent 
Per cent. Amount. payers, 
$100 000 8,229, $3 229 $8 000 $2 000 $13 229 
96 771 8.475 3 363 7 742 2 124 13 229 
93 408 8.749 8 502 7 473 2 254 13 229 
89 906 4.058 83 648 7 193 2 388 18 229 
86 258 4.406 8 801 6 901 2 527 13 229 
82 457 4.802 3 960 6 597 2 672 13 229 
7B 497 5.257 4127 6 280 2 822 18 229 
74 870 5.788 4 301 5 950 2 978 13 229 
70 069 6.399 4 484 5 606 8 139 18 229 
65 585 7.180 4 676 5 27 3 306 18 229 
909 8.009 878 873 478 229 
56 031 9.086 5 091 4 482 83 656 13 229 
50 040 10.485 5 316 4 075 3 838 13 229 
45 264 12.174 5 554 8 621 4 054 18 229 
28.179 22.643 6 381 2 254 4 594 13 229 
21 798 30.803 6 714 1 744 4 771 13 229 
15 084 47.184 7 110 1 07 4 912 13 229 


examination the column Table headed “Contingent 
Depreciation”, shows that the variation contingent depreciation 
from year year not great, under this system 
represents very closely what may reasonably expected, increasing 
gradually with the age the property. The contingent. depreciation 
not cumulative fund, but, the contrary, represents the amount 
actually spent from time time replacing obsolete abandoned 
property and repairing damage from unexpected unusual causes. 
properly proportioned, such fund will fluctuate between surplus 
and deficit, but will maintain general average near the zero line. 
The actual figures used Table not appropriate for 
property this nature, but are submitted simply illustrate prin- 
ciple and without reference the adequacy, otherwise, this can 
determined only study all the circumstances surrounding 
each particular property. The table based annual contributions 
sinking fund the beginning each year, although many 
authorities prefer using the tables computed for the end the year. 
Rates are usually collected quarterly monthly and, therefore, 
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matter fact, would more nearly accord with correct theory 
use tables computed for annual contributions the mid-year, such 
tables were hand. However, this difference not sufficient cause 
material error any event, 

Unfortunately, practice, the problem never simple 
the gravity water-works system used this illustration. 
utility enterprises are, from the very necessity the case, almost 
continuously extended from year year, that the average age 
property this nature never even remotely approaches that its 
oldest parts. 

the theory outlined herein accepted correct method 
computing depreciation, its practical application somewhat 
follows: 

The appraiser would determine the composite life the utility 
under consideration, which, for illustration, the water- 
works system, some particular case might found years. 
The average age the entire property, computed like manner, 
might found, for example, years. The rate used 
determining the amount ordinary depreciation therefor would 
this would percentage applied the remaining 
capital determined deducting the sinking-fund accumulation 
years from the cost reproduction the property. The proper 
additional amount allowed for contingent depreciation, course, 
should determined the particular circumstances the case. 
would more precise compute the result separately for each group 
items having the same age and estimated life; but such 
eedure would, perhaps, impractical most cases, owing its 


paper, dealing with “the general relation depreciation and its effects 
the fair return utility property,” will have justified itself 
does more than precipitate the extended discussion this in- 
teresting and intricate subject, concerning which ideas are present 
confused and conflicting. this, appears the writer, will lie 
its chief, not its only, value. 

the author implies, there exists the present time wide 
diversity opinion among engineers, lawyers, special masters, com- 
missions, and Courts having with valuations for rate-making 
purposes, with regard the fundamental question the value 
which fair rates should predicated. 

Among those who have sought sustain the reproduction-cost- 


new theory may mentioned the special master,* Columbus Railway 
Robert Whitten, Valuation Public Service 368. 
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and Light Company vs. City Columbus, Ohio, 1906; the Wisconsin 

Railroad Commission,* City Whitewater v.. Whitewater 

Light Company, decided December 16th, 1910; Massachusetts Joint 
Massachusetts Appraisal the New York, New Haven, and 

Hartford Railroad, 1911; Grunsky,t Am. Soe. E., his 

paper entitled “The Appraisal Public Service Properties Basis 

for the Regulation Rates”, which paper the author refers; and 

its Institute Technology, his paper entitled Estimated 


and presented before the Institution Gas Engineers 
Great Britain, 1913. 


The contrary view, the effect that fair rates should adjusted 
yield fair return only depreciated reproduction-cost, has been 
upheld the Oklahoma Supreme Court 
Telegraph Company Westenhaver, January 10th, 1911; the 
New York Public Service Commission for the 
Metropolitan Street Railway Reorganization, decided February 27th, 
1912; and the United States Supreme Court. 
Mr. Alvord’s ideas the subject are summarized his first and 
is, second “conclusions,” follows: 
sinking fund reserve fund for depreciation 
actually kept the bank trust part the property, 
should, properly computed and accurately kept, receive the same 
rate fair return the remainder the property ‘used useful 
for the public’, 


these funds are for any reason detached with- 


drawn from the property and used the owner elsewhere, private 

gain, even new capital invested the plant itself, cannot hope, 

reserve fund which not actually hand and the same time use 

such funds for other personal gain.” 

The writer not prepared admit the truth either these 

propositions without material qualification, and the following dis- 

cussion will seek show: 

(a) That the disposition made the depreciation reserves has 

lie theoretically bearing whatever the question value 
which the owner utility property entitled earn 

fair return. 

(b) That the question value which owner entitled 

earn fair return depends solely whether the depreciation 

reserve provided has been just “adequate”, “exces- 
sive” amount, “inadequate” for the purpose intended. 

Loe. cit., 366. 


§ Transactions, Institution of Gas Engineers (Great Britain), 1913, p. 348. 


| Robert H. Whitten, * Valuation of Public Service Corporations,” p. 375. 
Loe. cit., p. 376. 
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will endeavor demonstrate that when the 
serves, which have been and are ‘to provided, are just “adequate” 
for the purpose intended, the owner must, protected 
against the impairment his capital its earning power, 
mitted earn, addition operating expenses. and this “adequate” 
depreciation reserve, fair return reproduction-cost-new. 

That when the depreciation reserves, which are provided, are 
original investment, together with its full earning power, rates 
may equitably adjusted yield fair return value less than 
reproduction-cost-new, the measure the reduction being 
amount the capital refunded: 

That when the chosen method providing for future depreciation 
such virtually effect progressive refund, free and clear, 
portion the owner’s original investment, corresponding progressive 
decrease the value which allowed earn fair return may 
equitably made. 

That when the depreciation reserves which have been 
are “excessive,” virtually have effected portion 
the owner’s original capital, rates may equitably adjusted yield 
change ownership has taken place. 

That when the depreciation reserves which have been provided are 
that actual impairment capital has taken place, 
should, consistent, and provided full ownership still re- 
tained the owner who suffered the loss, permit the adjustment 
rates yield fair return value greater than reproduction-cost- 
new until this loss has been recouped. 

That rates may equitably adjusted yield fair return 
depreciated reproduction cost, only the virtual refund capital, re- 
sulting from “excessive” past prospective depreciation reserves, just 
equals the accrued depreciation the property the date the 
valuation for rate-making purposes. 

preliminary the intelligent discussion the preceding 
propositions, essential first define exactly what meant 
“adequate”, “excessive”, and “inadequate” depreciation reserves, and 
the expressions “accrued depreciation” and “depreciated reproduc- 
tion 

“adequate” depreciation resérve meant the annuity per- 
centage reproduction-cost-new which, set aside the bank 
trust from the beginning operation, the rate interest, say 4%, 
which the fund payments are predicated, will, with all interest 
accretions, amortize sum which, the termination the useful life 
each element the property, will just suffice replace and 


more. 


| 
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“excessive” depreciation reserve the writer means annuity Mr. 


greater amount, and “inadequate” depreciation reserve 
annuity less amount than the above. 

“accrued depreciation” any period the life property, 
meant the amount which “adequate” depreciation reserve would 
have amortized had been set aside each year from the beginning 
operation. 

“depreciated reproduction cost”, meant the reproduction-cost- 
new less. the “accrued depreciation” determined. 

the “useful life’ any element property, meant its 
age plus the remaining life expectancy the element. 

explanation and justification the foregoing definitions, may 
well digress this point the extent acknowledging full 
realization the fact that any estimate accrued 
depreciation There are, however, intelligent guesses 
and unintelligent guesses, and there are intelligent ways guessing 
and unintelligent ways guessing. One unintelligent way guess- 
ing the accrued depreciation pumping engine, for example, 
sit the office and compute it, starting with the assumption that the 
years, and that the age the particular unit under consideration is, 
say, years. unit may have been continuous service from the 
date its installation, may have been used largely spare. 
may have been operated hours per day, only hours per 
day. may may not have had intelligent care, and may may 
not well adapted the service, well designed, and modern type. 
intelligent guess accrued prospective depreciation can 
made without visual field inspection the element appraised. 

the age unit, structure, the present value 
which desired ascertain, the uncertain element affecting this 
value which may guessed most accurately its re- 
maining life expectancy. the light the history and probable 
future the plant, the community which serves, and the arts, 
this, after examination the unit structure, may gauged 
closely any other probability affecting the future the property. 
Then, the guess proves accurate, the “useful the element 
becomes its age plus its life expectancy the date the appraisal; 
and “adequate” allowance cover annual depreciation the an- 
nuity, which, had been paid into fund each year since the installa- 
tion construction the unit structure, would have amortized 
sum reproduce the end this “useful Under 
these conditions the “accrued depreciation” the date the appraisal 
may fairly estimated the amount which such annuity would 
have accumulated between the date installation and the date the 
appraisal, and its fair market value depreciated reproduction-cost 
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the date appraisal may fairly assumed its reproduction- 
cost-new less the accrued depreciation found. Fair market value 
under these would course defined the value 
established between seller who was willing but compelled 
sell and buyer who was willing but not compelled buy. 

all that follows, will assumed that the guesses life 
expectancy and hence proper “adequate” depreciation reserves 
are accurate ones. 

come the discussion Mr. Alvord’s un- 
doubtedly true the author states that “there this, 
all other questions relating this difficult subject valuation, 
just and equitable relation between the public and the public utility 
owners, which founded rational analysis and common 
seeking out this relation much gained the way clarity 
are thus able eliminate the many complicating, confusing, and often 
entirely irrelevant considerations which usually cloud and the 
vital principles involved, when the question studied the light 
complex eases such commonly come before the Courts. Although 
doubt true, the author implies, that conclusions deduced 
from the consideration simple examples will not always admit 
indefinite extension cover the complex cases met actual practice, 
parture, that conclusion which will not withstand the most searching 
when viewed the light its application simple prac- 
tical example, cannot the basic principle which are 
seeking. any rate, let grant the truth this proposition for 
the moment, and observe the result applying such test the con- 
reached Mr. Alvord, beginning with his first conclusion, 
“that sinking fund reserve fund for depreciation 
kept the bank trust part the property, should, 
properly computed and accurately kept, receive the same rate fair 
return the remainder the property used and useful for the 

“properly computed and accurately kept” sinking fund, Mr. 
Alvord means “adequate” depreciation reserve, defined pre- 
paragraph this discussion, the logic this conclusion ap- 
pears unassailable. 

Consider, for example, water-works plant, consisting solely 
pipe line miles long. The owner this property, will say, buys 
water wholesale one end the pipe line, and 
wholesale the other end. The writer has mind private 
water company the property which substantially described. 
Assume that the reproduction-cost-new the pipe its 
useful life and its scrap value nothing. part the line 
will require replacement during its 50-year life, and the pipe may 
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maintained good serviceable condition throughout the entire 
period making such ordinary repairs may properly charged 
operating expense. Neglecting the fact that the creation 
sinking fund must lag one year behind the commencement opera- 
tion, the proper annual reserve cover depreciation, estimated 

sinking-fund basis, 550, which amount the owner places 
bank each year compound interest. 

the construction this pipe line, the owner converted 000 
money into physical plant. the pipe ages, depreciates value, 
and the guess its useful life (50 years) proves correct, the 
this depreciation is, nearly may be, represented 
any time the accumulation the sinking fund reserve fund 
for The process may regarded the gradual re-con- 
version plant value into until the end the pipe’s useful 
life the owner has all cash and pipe line, which time the money 
accumulated again converted into physical plant through the taking 
over new pipe line which the owner has caused constructed. 
intermediate period the life the pipe, the owner’s capital 
represented partly the depreciated value the line, and 
partly the depreciation reserve. The sum the two may 
considered representing any time the reproduction-cost-new. 
can any time afford pay for the pipe line 
and depreciation fund together, sum equal the pipe’s repro- 
duction-cost-new, for continuing the depreciation reserve bank, 
and adding the proper annual payments, these are earned, will 
have available the termination the useful life the property 
equal his original investment and the pipe’s reproduction- 
equivalent saying that purchaser. can any 
time afford pay for the pipe line alone sum equal its reproduc- 
tion-cost-new less the accumulations the sinking fund, its depre- 
ciated reproduction cost. 

Now, -as all interest accretions, the annual depreciation reserve 
proper “adequate” reserve computed the sinking-fund basis, 
must credited the fund, the owner enjoys therefrom, 
and, therefore, should allowed earn fair return the depre- 
ciated physical value plus the depreciation reserve, the repro- 
duction-cost-new. assert the contrary assert that the owner 
must, spite everything can do, suffer loss through 
impairment the earning power the capital which has invested. 

Let now examine Mr. Alvord’s second conclusion: 


“That these funds [adequate depreciation are for any 
reason detached withdrawn from the property and used the owner 
elsewhere, private gain, even new capital invested the 
plant itself, hope, matter proper protection the 
public, receive return reserve fund which not actually 
hand and the same time use such funds for other personal gain.” 
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Suppose that the owner the pipe line operates his plant 
exactly the same way described, except that instead of. actually 
placing bank trust each year part the property, 
invests this amount other ways, even places-it safe deposit 
vault, squanders it. Mr. Alvord concludes that under these circum- 
stances rates may equitably yield fair return only 
the depreciated physical value the pipe instead its 
tion-cost-new. This means that unless the annual depreciation re- 
serves are correspondingly the “adequate” amount 
previously estimated, sliding scale rates must introduced, such 
the amount available for the tenth year operation, 
after deducting operating expenses and depreciation reserve, will 
approximately 92%, the fortieth year approximately 38%, 
its amount the first year operation. the service now 
hypothesis exactly the same the where the depreciation 
reserve was actually deposited bank part the property, the 
water consumer will evidently gain reduced rates the owner’s 
dent that the consumer cannot gain unless the same time the owner 
loses equal amount. Let pursue the illustration further. 

Suppose that the owner, the tenth year operation, becomes 
alarmed the dwindling profits his water transportation business, 
and begins busy himself devising plan for restoring rates 
the point where they will yield the same return his capital 
the first year. estimates that had from the outset maintained 
depreciation fund the bank 4%, the accumulations this fund 
would the end the tenth year have amounted $78 He, 
therefore, sells par from his private means seventy-nine $1000 
municipal bonds drawing interest, will say, 
apartment house valued $78 760.56, which has been yielding him 
net return per annum. deposits the proceeds, 760.56, 
bank the beginning the eleventh year and christens 
depreciation fund. has not lost dollar this transaction. The 
depreciation fund his property the same way that the house was 
his property. The interest yield the same. per- 
formed the familiar operation taking sum money out one 
pocket and placing another, and yet, result simple 
shifting assets, has placed himself position where may 
equitably charge his customer, the water consumer, will ‘say, 
additional $10 per 1000000 gal. for exactly the same quantity and 
quality water, delivered under exactly the same pressure before 
the depreciation fund was created. Could anything more absurd? 

Mr. Alvord speaks the use the depreciation reserves, the 
owner, “for other personal gain”. is, course, apparent that when 
these reserves are proper “adequate” reserves computed the sink- 
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yield return greater than that which they would have earned placed 
the bank trust the rate interest which the sinking 
depreciation fund payments were computed. 

computed the sinking-fund basis, the sum the 
annual reserves will, hypothesis, produce amount 
provide for, future replacements, only credited with interest 
accretions resulting from their conservative investment. The source 
these interest accretions immaterial. The funds are equally 
unproductive, far concerns their power yield “private gain” 
the owner, whether they placed bank interest, invested 
high-grade municipal bonds interest, invested other ways. 
the owner fortunate enough invest them way yield 
return greater than they would have earned placed bank 
trust, his “private gain” represented, not the total yield 
the funds invested, but only the excess this yield over and 
above what they would have earned placed the bank trust. 
obtain this excess yield “private gain”, the owner performs 
vices and assumes risks for which entitled compensation 
represented the excess has, fact, entered the banking 
business and much entitled to.a fair profit this banking business 
his water-works business. his capacity water-works 
manager, deposits with himself, his capacity banker, the depre- 
ciation reserves which pays compound interest.. When the 
time arrives, must return these sums with accumulated interest, 
the same any other banker would obliged do. the mean- 
entitled invest them conservatively such way that 
they will yield enough more than compensate him for performing 
the services and assuming the responsibilities and risks which attend 
the banking business. 

There are bankers and. trust companies, many them, that actu- 
ally own and operate water companies. presumed that 
these banking institutions, avoid being “fined,” must invest their 
depreciation reserves with some competitor, perhaps less responsible 
and competent than themselves? Again, the proposition absurd. 

Theoretically, the consumer interest whatever the 
preciation reserves the disposition which made them. 
interested only quality the service. Service what 
pays for. pays, not for the quality service which element 
plant capable rendering when new, its absolute maxi- 
mum efficiency, but for the average service which capable 
rendering during the period known its “useful when main- 
tained throughout this life the highest state efficiency which 
physically possible, and replaced its termination with new ele- 


ing-fund basis, entirely beyond the power the owner use them 


Mr. 
Knox. 


854 DISCUSSION: DEPRECIATION, PUBLIC UTILITY PROPERTIES 


ment. the absence certain knowledge the contrary, must 
presumed that the owners will maintain and replace the 
plant, regardless whether not actual, tangible depreciation 
fund maintained bank—a competitor’s bank. Even when 
depreciation reserves have been distributed stockholders, lost 
tied unfortunate investments, must presumed, the 
absence certain knowledge the contrary, that the owners will 
provide funds required dividend reductions, assessments against 
the stock, extreme cases reductions interest. 

practical matter, granted that certain cases the own- 
er’s failure invest depreciation reserves’ conservatively may react 
the and that this extent interested the dis- 
position which made them. is, for example, matter 
mon observation and knowledge that when owner first becomes in- 
volved financial difficulties there exists the temptation and tendency 
maintain dividends and interest the expense maintenance and 
replacements. The prevention this one the functions the 
regulating power. 

long the quality the service actually maintained, there 
can exist logical reason why the value which owner 
property entitled earn fair return should variable, depending 
whether not reserve for depreciation maintained the 
bank trust part the property. penalize “fine” 
owner for failure maintain actual fund adjusting rates 
yield fair return only depreciated pre- 
sume advance the fact that will not, when required, and 
his own cost, make the replacements for which depreciation reserves 
were provided. effect punish him advance for offense 
that suspected may commit some time the future. 

The points just made have been clearly stated the Wisconsip 
Railroad Commission City Whitewater and Whitewater Electric 
Light Company, decided December 16th, 1910.* The Wisconsin Rail- 
road Commission says: 

“As general rule that the reasonable return which utility 
allowed earn covers the interest and depreciation the actual in- 
vestment the plant, becomes important know what the invest- 
ment the plant actually is—that is, what the value the plant 
new. The fact that the property the utility has diminished value 
with use, the inevitable result depreciation, does not lessen the 
amount the investment the plant. sure, may happen 
the case given utility that money which should have gone the 
establishment depreciation fund has been diverted the stock- 
holders, thereby apparently lessening their investment. amount 
equal the difference between the value the plant new, and the 
value present condition thus paid over stockholders, would 

Robert Whitten, Valuation Public Utility Properties,” 


appear, first sight, that the value the plant present condition 
would the basis which interest returns should allowed. But 
must not forgotten that the expiration the life the plant 
the money which should have been used provide for depreciation 
has been paid stockholders the form dividends otherwise, the 
value the plant will nothing. Then, instead the utility having 
depreciation fund which draw replace the plant, the owners 
will find necessary pay the cost replacement, presumably from 
the money which they have received from the plant, but which should 
have been used provide depreciation fund. The investment in, the 
plant then must, general, taken the cost the plant new, 
since although the investment may apparently diminished failure 
provide for depreciation, and the payment this money owners 
stockholders, reality the investment not diminished, because 
the necessity replacing the plant, the absence depreciation 
fund, from the property owners stockholders. Therefore, 
appears that the question valuation, which most importance 
the case, that cost the plant new, the actual value the 
total investment the plant.” 


not necessary state that reduction, below reproduction- 
cost-new, the value which owner permitted earn fair 
return, may logically justified only the assumption that virtual 
refund portion the capital originally invested has taken place 
prior the date the valuation for rate-making purposes. has 
been shown that such refund effected where owner, lieu 
maintaining actual tangible depreciation fund the in- 
vests these reserves other ways. There are, however, ways which 
such virtual refund may occur, and may prove interesting exam- 
ine one two them. 

Suppose, for example, that the owner the pipe line, previously 
referred to, instead setting aside each year addition operating 
expenses and interest “adequate” depreciation reserve 
sets aside depreciation reserve, improperly computed the straight- 
line basis, $20000 per year. Under these circumstances interest 
accretions are longer, necessity, credited the fund, for the 
sum the annual payments themselves, will, without interest, 
late amount sufficient replace the pipe line the end its useful 
life. Whether placed the bank actual tangible depreciation 
fund, invested other ways, the owner may each year draw add 
his gross earnings the income from this fund without any way 
defeating the object for which was created. However invested, 
the entire fund may now used productively the owner “in private 
gain.” portion his original investment equal amount the 
sum the annual depreciation reserves has effect been refunded 
the owner the consumer. has been refunded free and clear, to- 
gether with its full earning power, and the owner prevented 
from receiving, the expense the consumer, double interest return 
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the same principal, rates must adjusted yield fair return, not 
reproduction-cost-new and not depreciated reproduction cost, 
but reproduction-cost-new less the sum the “excessive” annual 
depreciation reserves. This value will less than the depreciated 
reproduction cost. certain periods during the life the 
will materially less. the end the twenty-fifth year, for exam- 
ple, the “acerued depreciation,” the sum amortized “adequate” 
depreciation reserve $6550 per annum, will only 
whereas the sum the annual depreciation reserves, without accrued 
interest, will The depreciated reproduction cost that 
date will $1,000 000 $272 $727 197, whereas the value 
which the owner should allowed earn fair return only 
ciated reproduction cost. 

owner has, during the past, set aside out earnings 
cessive” annual depreciation reserve, has, what amounts 
the same thing, enjoyed excessive profits, may appear from the pre- 
ceding discussion that the ends justice will adjusting 
rates yield fair return value less than reproduction-cost-new. 
The justice the procedure, when adopted retroactive punitive 
measure, is, however, only apparent. The ownership most public 
utility properties constantly changing through transfers stock, 
and reprisal would many cases fall, not the original owners, who 
alone could supposed merit it, but the present owners who 
chased good faith, fair price, and reaped benefit from past 
extortions. 

Suppose, for example, that the end the twenty-fifth year, and 
just prior the date valuation for rate-making the 
pipe line, previously referred to, had been sold the original owner, 
the present owner, Suppose that throughout the period 
during which operated the line, had extorted from the publie, 
addition fair return his capital, improper depreciation re- 
serves estimated the straight-line basis, which did 
not transfer with the depreciated property. has now placed 
himself beyond the reach reprisal. has gone out water- 
works business, taking his unholy profits with 
plant for its market value which, for the purposes 
may assumed fairly represented its depreciated reproduc- 
tion cost the date sale ($727197). could not have sold for 
more however moderate his early charges for had been. 
the property good faith and for fair price. 
might now argued superficially that far concerned, the 
price paid represents his total investment, and that the adjustment 
rates yield fair return this purchase price will impose 
him; but this not the case. The fallacy the reason- 
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ing, though obvious, lies the assumption that the money 


which has paid for the physical property represents his total 
physical property plus liability. The liability consists the obli- 
gation which replacing the depreciated pipe line the 
end its useful life. place himself position meet this 
obligation when must, date the purchase, set 
aside bank interest amount ($272 803) equal the ac- 
erued depreciation the plant: fails this, he, neverthe- 
less, automatically, the assumption the obligation, ties 
equal amount his outside investments far concerns their power 
yield “private gain.” any case his total investment not 
represented the sum money paid but this plus 
the acerued depreciation. Whatever disposition makes the de- 
preciation reserve, only “adequate” reserve previously 
defined, will inevitably suffer financial loss unless allowed earn 
fair return $1000000, the reproduction-cost-new. Any reduc- 
tion this value will inevitably work great injustice causing 
suffer for the sins his predecessor. 

true, will protected against loss, the same time that 
rates are adjusted yield fair return depreciated reproduction 
allowed set aside each year from earnings, “exces- 
sive” depreciation reserve sufficient reproduce the depreciated plant 
value ($727 197) the end its years remaining life. may 
laid down rule that where past depreciation 
reserves with interest accretions have been adequate take care 
the accrued depreciation, and future reserves are made sufficient 
themselves amortize sums which will provide against all subsequent 
deterioration, rates may fairly predicated the depreciated repro- 
duction cost the date the valuation for rate-making purposes. 

Although there one notable exception which the writer will dis- 
cuss later, the adoption this rule will usually result difficulties and 
confusion accounting, with attendant benefits either the con- 
sumer the owner. Decreasing the amount allowed for interest 
and the same time allowing corresponding increase amounts 
allowed offset depreciation mere juggling figures. an- 
nuity sufficient amortize the depreciated value property the 
termination its remaining life expectancy will become “exces- 
sive” annuity the day the first replacement made, and generally 
the depreciated reproduction cost will modified result each 
replacement. 

labor and materials, reproduction-cost-new will remain unvarying 
quantity long additions are made the property, and the 
“adequate” annual depreciation reserve, estimated the customary 
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way, will remain all times constant percentage the unvarying 
10: 


reproduction-cost-new. The reproduction-cost-new having once been 
ascertained may kept date merely adding the 
cost extensions these are made, and the “adequate” annual de- 
preciation reserve, having once been ascertained, may kept 
date, extensions are made, adding sums reproduce 
the cost each such extension the termination its useful life. 

If. past depreciation reserves, with interest accretions, have been 
more than adequate offset the accrued depreciation the date 
the valuation, either method will result justice both the con- 
sumer and the owner. The choice method merely question 
convenience, and generally will found most convenient 
predicate rates reproduction-cost-new, the same time limiting 
the annual depreciation reserve the “adequate” annuity, 
viously defined. 

The exception which the writer has referred presented the 
case, briefly Mr. Alvord, and also discussed Henry 
Floy, Am. E.,* in-which certain large properties, after suffer- 
ing initial depreciation, reach stable stage which they may 
afterward maintained the expenditure certain sums each 
year for replacements, the cost these replacements being charged 
operating expenses the same ordinary wear tear. quote 
Mr. Floy: 

“The Receiver the Third Avenue Railroad New York City, 
operating large property having numerous physical elements that 
all deterioration became simply ‘wear and tear’ and part operating 
expenses, declined obey the order the Public Service Commission 
and provided depreciation fund whatever, simply removing de- 
terioration when occurred and charging maintenance oper- 
ating expenses.” 

past depreciation reserves, with interest accretions, have been 
more than “adequate” offset “accrued depreciation,” all subse- 
quent depreciation property which has reached this stage 
stability, may properly taken care either two ways: 

continuing the “adequate” annual depreciation reserve, 
which case rates must predicated reproduction-cost- 
new. 

2d.—By providing annually, the manner adopted the Receiver 

the Third Avenue Railroad, sum sufficient itself 
take care all subsequent depreciation, which case rates 
should predicated depreciated reproduction cost. 


the second method the annual depreciation reserve ex- 
cess “adequate” reserve, previously defined, and for this 
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reason, and for this reason alone, that rates may 
justed yield fair return less than reproduction-cost-new. 

Consider, for example, plant composed five elements equal 
value and variable life expectancy shown Table 


TABLE 


Reproduction- | Life expectanc refund reproduction- 

useful life, sinking-fund basis. 


(2) 


Total, average... 


Assuming the scrap value nothing, the orthodox way pro- 
viding for the future depreciation such plant would set 
aside each year from the beginning operation sums sufficient 
amortize the reproduction-cost-new each element the end its 
useful life. annuities required, estimated sinking- 
fund basis, are given Column Table The total annuity re- 
quired $74.20. the end the twenty-fifth year, element must 
and the cost will met withdrawing from the de- 
preciation fund the $1000 accumulated the annuity $24.01 pro- 
vided for this purpose; but, the new element, will also have 
life expectancy twenty-five years, the end which must again 
replaced, the annuity $24.01 provided cover depreciation 
element must continued and the total annuity will remain $74.20 
before. will remain indefinitely long additions are 
interest, invested other ways, the annuity will, together 
with all the interest accretions with which may fairly credited, 
just take care future depreciation, and more. 

Assuming that the owner actually makes such annual reserve, 
the amount amortized the end the twentieth year will 
209.65, which amount may taken represent the accrued depre- 
ciation that date. The depreciated reproduction cost the end 
the owner can hypothesis derive “private gain” from the depre- 
fund, however may invested, must, long pro- 
vides for depreciation this way, allowed fair return 
reproduction-cost-new. 
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13.58 
10.52 

y 
> 
“> 


Mr. 
Knox. 


860 DISCUSSION: DEPRECIATION, PUBLIC UTILITY PROPERTIES 


Now assume that the end the twentieth year the owner per- 
ceives that years hence must replace element cost 
realizes further that the end each succeeding 5-year interval 
must replace one element his plant cost $1000. esti- 
mates that the annuity necessary compound interest produce 
the end years $184.63, and elects take care all 
subsequent depreciation reserving this amount each year from 
earnings. The-future cost the consumer under this scheme will 
increased the annual sum $184.63 $74.20 $110.48, and 
must, obviously, avoid loss, obtain reduction the plant 
value capitalization which the owner allowed earn fair 
return. Nor will the owner under these circumstances suffer any loss 
such reduction value. has, sinking fund otherwise 
invested, the end the twentieth year 209.65, equal the accrued 
depreciation his property that date. Under the first ortho- 
dox method providing for replacements, this sum, together its 
earning power, was necessary the proper provision for depreciation. 
Under the second scheme, neither the sum nor its earning power 
required. the date which the owner changes over first 
the second method providing for future depreciation, this fund 
released set free, and may henceforth used productively the 
owner any way sees fit. consumer has effect, permit- 
ting the change method, refunded the owner, free and clear, 
portion his original capital equal amount accrued depre- 
ciation the property. Henceforth the owner’s plant 
equal, not the reproduction-cost-new, but the depreciated repro- 
duction cost, and this therefore the sum which should 
allowed earn. 

The case presented only one under general rule 
which the interests convenience are served lowering below re- 
production-cost-new the value which the owner earn 
fair return, same time increasing above depre- 
ciation allowance, the sums annually set aside out earnings offset 
deterioration. sense exception the general law that 
where depreciation reserves are only “adequate” reserves, previously 
defined, rates must predicated reproduction-cost-new. 

The application the general law will usually more convenient, 
and will always result justice both the public and the 
unless regard exception the case which the owner has actu- 
ally, during the past, set aside from earnings offset deteriora- 
tion annual sum more than sufficient take care the depreciation 
which has occurred, or, the same thing, unless the 
owner has actually during the past enjoyed excessive profits for which 
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logically justified this ground only the event that the present 
owner has benefited from these extortions. Even this supposition, 
the logical and scientific procedure take our point departure 
the basic principle that the absence such complicating considera- 
tions, the owner should allowed. earn reproduction-cost-new 
then apply proper and specific allowances for such irregularities 
the history the plant may disclose. this way “the punishment” 
may made “to crime,” and will always know, least 
how why, have lowered increased below above re- 
production-cost-new the value which the owner entitled earn 
fair return, for must not forgotten that poor rule which 
does not work both ways, and owner penalized for “exces- 
depreciation reserves exorbitant profits made past years, 
demands that compensated for his. past failure 
provide “adequate” depreciation reserves and fair profits. 

If, for example, the owner the case just discussed has, during the 
first years, which the necessity for replacements was not conspicu- 
ous, made reservations whatever for depreciation, but has been sat- 
isfied fair return his investment addition operating 
expenses, the expectation that future replacements may provided 
for part operating when the occasion arises 
dent that his capital will impaired amount 
the accrued depreciation rates are adjusted the twentieth year 
yield fair return only depreciated reproduction cost. this 
instance, however, largely the result his own folly, 
failing make provision the proper time for the 
which was taking place. 

would obliged incur the same loss undertook sell 
the property the twentieth year, cannot presumed that the 
physical elements the plant could sold that date for amount 
greater than their depreciated reproduction cost. 

Mr. Humphreys, discussing this question the paper 
which the writer has previously referred, quotes amusing illustra- 
tion taken from what characterizes the most logical paper this 
subject has ever read. The quotation brief 
Charles Mathewson, the New York Bar, the case ‘Kings 
County Lighting Company vs. The Service Commission for the 
First District New York. Mr. Mathewson was the trial lawyer for 


the Company the New York Consolidated Gas Company’s case. 
quotation follows: 


“The proposition [to deduct ‘accrued depreciation’ valuing plants 
tate-making] absurd its face that hardly needs discussion 
show its fallacy. Why, aside from the question ‘confiscation,’ 
should consumers, for exactly the same service, equally efficiently ren- 
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dered, expect pay less the sixth year than the first year, merely 
because some items plant will (viewed the sixth year) require 
replacement date the future then nearer than such date was 
the beginning operation? well might claimed, repeat 
homely illustration, that farmer should regulate the price the eggs 
which sells, the age the hen which lays them—reducing the 
price the product the hen gets years. The reason does 
not that the service efficiency and operating value the hen, 
evidenced the quality the eggs which she lays, are not impaired 
the fact that her life advancing. That advancement may concern 
the farmer and possibly concerns the hen; but manner affects 
the value the eggs the consumer, justifies him demanding 
them lower price than paid earlier period her life. The 
consumer the eggs must expect pay sufficient price afford 
return the farmer his total investment the hen during her life, 
plus enough more enable the farmer her death replace her, and 
thus keep his investment unimpaired. farmer could hardly ex- 
pected invest hens for the purpose supplying the public with 
eggs, for portion their life was receive return only 
third half his investment; and any such rule would simply com- 
pel the public without eggs until the regulating power (if such 
there were) saw fit revise its reasoning. There absolutely 
difference the principles applicable the operation 
gas plant and the operation hennery, far concerns right 
return capital; and what absurd one case equally absurd 
the other. The fact that the rate return the one.case subject 
reasonable regulation, and not the other case, has bearing 
the main proposition.” 


consideration this illustration the light the principles thus 
far set forth indicates that not universal application except 
illustration the fundamental principle which always holds where 
complicating considerations are absent. presumes that the farmer 
charges more than enough afford return his total investment 
plus enough keep his investment unimpaired. If, some consumers 
think, the farmer charges enough addition fair return capital 
replace the hen several times over, prior her demise, the 
absurdity expecting reduction the price eggs, even this 
from purely theoretical point view, not quite apparent. 

readily admitted that the preceding discussion has been car- 
ried largely from theoretical point view; but, considering the 
present confusion ideas the subject, this theoretical treatment 
the question appears fully justified. Sound practice, this 
other engineering matters, must rest firm foundation sound 
theory, and the establishment this theory has something more than 
academic interest. 

concluding may well point out that too much importance 
may easily attached the fact that the Supreme Court the 
United States has certain instances held that rates should ad- 
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justed yield fair return only depreciated reproduction cost. 
course true that the last word these matters rests with the 
Courts, and that Courts are much given following precedent; but 
must not forgotten that Court decisions are usually rendered with 
view dispensing justice the particular case before the Court. 
has been shown that there may circumstances which the ends 
justice are served allowing owner earn fair return depre- 
ciated reproduction cost. Whether not the cases decided the 
United States Supreme Court fall this category not presume 
say, but even this unimportant because cannot presumed that 
the Courts will seek perpetuate what can demonstrated 
wrong merely avoid going against their own precedents. The ques- 
tion cannot regarded finally settled until settled equitably, 
and when, the present case, such wide diversity opinion 
prevails among those who have spoken most authoritatively the sub- 
ject, the attempt reason the problem out priori seems fully 
justified. 


cussion dealing with appraisal, valuation, depreciation, 
kindred subjects, the argument frequently advanced that con- 
sideration must given cases which all matters pertaining 
thereto have not been conducted fair, honest, proper, and business- 
like manner. the human race was still living the Garden 
Eden; Pandora had never allowed all those troubles escape into 
the world; there were such things selfishness, greed, hate, envy, 
revenge, and host other evil. passions; short, the great strug- 
gle for existence throughout the world (and this struggle applies all 
plant and animal life, well all members the human race) 
did not exist, then would possible discuss such questions 
purely academically, and arrive such course conduct for all 
parties concerned would human race along broad and 
highway peace, prosperity, and contentment. Under these 
circumstances, the very necessity for such things public service 
commissions, appraisals, hearings, judicial reviews, and hosts kindred 
matters would not exist. 

Unfortunately, however, the millennium still far away ever. 
just such elements those described the first part the 
foregoing paragraph that make the human mind, and there- 
fore such elements must taken into consideration and given careful 
attention-in such discussion. other words, the much used term 
“human nature” that must studied and reckoned with, and taken 
into account, such investigations. Facts record relating bond 
and stock issues, and general methods financing and business, 
especially the railroad world, have made history, showing most con- 
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that human cupidity and the still baser human passions 
played most important réle these matters from the year 1838 
the present day, resulting the loss millions dollars honest 

Mr. Alvord says, page 791: “In other words, amount 
accounting theorizing can make good depreciation fund which 
actually not the succeeding pages, however, 
lean idea that sinking fund provided take care depre- 
ciation obsolescence can invested some other enterprise and 
still remain sinking fund, and goes into great deal of. detail 
explain why this so. For example, page 799, says: 
for instance, such monies may invested new capital 
struction and extensions the very plant itself great advantage 
* 

Webster defines follows: “(Finance), fund 
for sinking paying public debt, purchasing the 
stock for the government.” The Century Dictionary 
pedia gives the following: fund formed government 
corporation for the gradual ‘sinking’, wiping ‘out, reduction 
its debt, various devices for the accumulation money.” 
and Wagnalls’ Standard Dictionary says: fund instituted and in- 
vested such wise that its gradual accumulations will enable 
meet and wipe out debt maturity.” 

view, therefore, the very fundamental idea and raison 
sinking fund cover depreciation and obsolescence, ab- 
solute impossibility consider being invested any other en- 
terprise, except bank trust company would invest such funds. 
The moment sueh sinking fund used the owner plant 
board for any purpose other than that for which 
was originally set aside, the fund, sinking fund, ceases absolutely 
gone, absolutely and entirely, far its original purpose was 
intended, and amount bookkeeping argument can make any- 
thing else out this fact. 

page 797 Mr. Alvord says: there would 
culty hazard relying the ability the owner owners 
replace the sinking fund from outside sources page 
798 also says, “It may objected hardship owners 
public utilities, who are able and willing the property 
such portion the renewal fund any moment *,” and 
page 799 the owner must willing and ready finance 
the replacements and depreciation fund, whenever the occasion therefor 
arises Admitting for the willingness, suppose, 
when the time comes, that the owner not able What 
And further, suppose that such fund has been invested some 
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other way, has been appropriated for some other purpose, and then 
the parties fault, although fully able so, are not willing 
make restitution when the fund needed for its original purpose. Who 
make them so? 

connection with the investment sinking fund, 
may argued that the bank trust company which such 
fund would deposited, draw interest at. ordinary rates, would 
invest these moneys some way, and therefore there practically 
difference the end, than the owners invested the fund direct. 
There very great difference, however, which may summed 

(1) The owner interested party, and such, not capable 
investing the fund good advantage the bank. would 
more apt have bias prejudice, good bad, and would 
absolutely impossible for him look things the free, untrammeled 
way the. officers and board direction bank are supposed 
do. 

(2) The fund question not the only resource possessed the 
bank. There are dozens others, including capital and surplus, and 
one fails such form that cannot realized once, 
there are others that.can be. this way, the bank may likened 
equalizing pond reservoir for the benefit all its depositors. 
The drain one direction may heavy, while that others light, 
and the same time there constant supply from all sources. This 
condition could not possibly exist the fund was directly invested 
the owner. 

(3) The bank company its turn “Public Service 
Utility”, subject the most careful scrutiny the State, and thus 
additional safeguard thrown about all sums placed here trust. 
the fund was privately invested the owner, there would 
such safeguards. 

Further, the owner, stated the author, must always ready 
make good.the depreciation and obsolescence, his turn must have 
funds available with which As, following out this 
argument, would ordinarily have all his personal funds in- 
vested, would then necessary for him maintain some fund for 
this particular purpose. Wherein lies the difference, then, under such 
conditions, whether such fund held the original perty,, or, must 
through several hands, except the far greater risk and uncertainty 
in. its ever materializing its original source when needed? 

far investing sinking fund extensions the plant, the 
turn to. depreciation, and longer “Sinking Further, 
the same rate is. allowed on, the sinking fund the plant 
(and, under conditions hereinafter described, there seems 
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whether the fund invested new construction not, far 
the owner are concerned. 

for concrete example illustrating much the 
one the New York, New Haven and Hartford 
funds this road, which should have been used take care 
ciation, obsolescence, and improvement, within the last few years have 
been used for other purposes, the details which ‘to 
into here. When, short time ago, account series accidents 
that cost the lives scores people, investigation State 
disclosed the fact, among others, that sections this road were stil] 
equipped with signals type which had been discarded obsolete 
other roads some fifteen more years ago, and therefore 
imperative use for improvements the funds that had other- 
wise “invested”, did the parties who had appropriated them 
move replace them? When public opinion, however, last’ 
benture bonds were offered the general public, order 
some $46 obligations which are mature ‘within com- 
paratively short periods, the remainder being pay for 
and obtain funds make the depreciation and 
The issue these bonds has been opposed the present bondholders, 
offering them now awaiting the decision’ the’ Court. 
place this, approximately $45 short-term notes were 
issued, pay for the immediately maturing obligations, 
provide for pressing needs due depreciation and 

Further examples, such the foregoing, might detail, 
but there very little use profit gained anybody arguing 
theoretically about question this kind, when undeniable facts ‘and 
occurrences ‘are record before the financial world and the general 
public. 

the author points time should and 
obsolescence fund amount very large percentage ‘the cost 
the plant, account the constant withdrawals from maintain 
the plant first-class and up-to-date condition. fund 
actually hand, that is, actually trust, there question but that 
rates should allowed it, just the same any other iteni 
the the plant being kept repair and date 
stant withdrawals from the fund, there that 
rates should not allowed the full invested capital plant. 
This matter can treated two ways, which lead the same result: 
The property can appraised its full cost, without depreciation, 
and returns can allowed this figure, special mention being 
made the fund; the property may appraised its cost, less 
depreciation, and returns may allowed this, and also 
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dépreciation fund: assumed that the sinking fund 
always approximately the actual depreciation any time. 
sinking fund, provided for depreciation and obsolescence, and actually 
hand, part the and should treated such. 

dition constant withdrawals from the sinking fund can further 
illustrated the following theoretical case. Suppose that the life 
the physical property has been’ determined, and then depreciation 
fund which, the end the will return 100% 
the investment. the end this period, the plant, like the deacon’s 
famous would theoretically vanish into thin air, 
leaving the sinking fund fund urider such conditions 
was allowed accumulate, then the theory that service utility 
must render adequate and service the public untenable, 
and cannot upheld, the owners would have perfect 
allow the plant deteriorate gradually nothing, wipe out the 
utility such time ‘they saw fit, and the without its 
benefits. 

This question constantly keeping the ‘depreciation prop- 
Jan. 1909, which says that the Company entitled 
see that from earnings the value the property invested kept 
unimpaired, that the end any given term years, the original 
investment remains was the That public service 
corporations are expected keep the plant date, without allowing 
any excessive accumulation sinking shown the opinion 
Judge Evans Cumberland Telephone and Co. City 
Louisville, 187 Fed., 687, April 25, 1911, and that Judge Haight 

page 798, Mr. Alvord that has been 
withdrawn from the plant and used for other puts 
private gain—then the owners are not entitled rates it. 
The writer fails see why necessary such point 
something the way sinking fund that does not exist, then 
would just logical entire battery boilers (or 
any other part plant), erect them some other place, 
and then claim rates their value, the that the owners 
would replace them needed. Thus the argument might continued 
infinitum until the best part plant had been removed and rates 
were still being allowed originally 

page under the the author says: “That 
though not now considered improper use reserve sinking 
for depreciation for private gain The writer 


Gandolfo. 


ne 

rt. 

re | 

il, 

ral 

rat 

nat 

nt. 

ing 

the 


Mr. 
Gandolfo. 


Mr. 


Harte. 


868 DISCUSSION: DEPRECIATION, PUBLIC UTILITY PROPERTIES 


hardly thinks that can have realized was saying 
when made this statement, else that did not mean what 
says. private individual owns himself, and sets aside 
sinking fund for depreciation, and, then after time withdraws this 
fund and uses for some other purpose his own, still calculates 
that has depreciation fund, simply deceives himself—and 
there deception fatal self-deception. If, the other hand, 
the concern stock company, and sinking fund for depreciation 
been created, and then tlie officers, 
managers should use this fund for their own private gain, would 
amount misrepresentation and fraud both stock and bond holders 
the one hand, and misappropriation and embezzlement funds 
the other, both which are criminal offenses under our penal 
Furthermore, even board direction did use such fund some 
other way, even for the direct benefit of. the stockholders, very 
doubtful if, under strict code ethics, would have moral right 
so, without obtained the majority the stock- 
holders such venture; although, such case, the strict letter 
the law would doubtless uphold board such proceeding. 

may said, therefore, that sinking fund cover 
depreciation and obsolescence must kept constantly hand, and 
available all times; that constant withdrawals must made 
from this fund keep the plant first-class and up-to-date condition 
(that is, 100% efficiency and value); that such fund cannot in- 
vested other enterprises, then longer available for its 
purpose, and does not exist; and that, unless such fund, its equiva- 
lent some form other, exists, the plant not. entitled full cost 
replacement value, but must appraised basis cost, 
replacement value less depreciation. 


knowledge the important subject valuation, are particularly. val- 
uable this time when the situation seems not unlike that 
the old New Englander, not sympathy with the party then 
power Washington, add his prayer for Divine guidance for the 
then President statement “Thou knowest, Lord, needs 
the same time, would seem not entirely out place here 
raise the question whether, the treatment the subject, many 
the facts analyses and discussions which 
are too academic. 

author’s “depreciation” includes four widely 
diverse items loss 

loss value because wear the 
substance the elements which make the machinery 
begins with the life the plant and practically 
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dépreciation—the loss value because elements 
the plant get out correlation—begins with the life the 
and, particularly not met by’ proper accelerates very 
rapidly until near the break-down point, when then con- 
plotted terms and loss, functional 
curve. 

8.—Obsolescence—the value the product the 
attack property time, may not occur Occurring, 
may progress, with great rapidity; slowly; it, may 
progress, again; that its terms of. time 
and loss, may any form. instance acute 
obsolescence that over night, changed the cable trac- 
system the Broadway street-car line.in New York City from 
the latest word traction merely obsolescent but 
actually obsolete. Thus, also, the rapid development the alternating- 
current lighting system with high-potential primaries feeding through 
transformers, the low-potential distribution almost 
equally brief time made the Edison three-wire underground system 
practically the past. 

loss value because the product the plant, 
though meeting the requirements character, insufficient quan- 
tity—is, like obsolescence, uncertain its occurrence and variable 
progress, though not the same extent.as the former; and, like 
it, its curve, terms time and loss, may almost any form. 

These four elements are different character that hardly 
possible treat them properly together. the system under con- 
sideration such extent that the average conditions fair 
general average, life tables may applied with very good results, 
far organic and functional depreciations are concerned. con- 
ditions, make the system average quite different from 
that the tables, with corresponding proper correction 
factors are used, Obsolescence and inadequacy, best, can only 
guessed 

The author truly says “the reproduction method, cost new 
less depreciation,” “This line evidence only one, source of, in- 
formation The fair the property. used; and 
useful for the neither, the cost nor yet cost 
reproduce; the capitalized earning been argued 
that for rate-making the earning power cannot considered, 
direct function the rates regulated, and hard escape 
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that—at least where there 
must necessity arbitrary procedure. Economic laws, more 
powerful eyen than governmental commissions, will, 
tical, equalization: even though different, values competing 
utilities would,, otherwise them charge rates ‘for 
the service: 

that matter disuse well—causes losses quality, quantity, 
extended, That these losses ought made good 
the owner, that there exists fund dedicated good, 
outside conditions may offset thé physical ‘an 
changed even enhanced value when the two together. 

With the proposition determine “on basis 
sinking fund” there will much disagreement. Past depreciation 
fact which, except its rate progress, usually ascertain- 
able without great difficulty, and should ascertained 

the physical parts property, ‘and, the amount depre- 
preciation, will, course, offset it, but such case the depreciation 
itself must determined order see the fund adequate; 
equally possible, unless adjusted frequently, that may greater 
less. Nor the writing off such item the books without 
dedication the actual money merely opinion. Properly written 
off, stands the property, reducing its amounts 
the net earnings the prosperous plant, adding the deficit 
the losing 

Under the caption Commonly Growing Plants” 
the author states that extensions produce developing series in- 
crements, each with its own depreciation. Although this literally 
true, the situation far less complex than the statement would 
indicate, because much extension merges into and thereafter 
treated part the older installation, and depreciation taken 
average the whole. Building extensions comparatively 
small amount, additions piping and wiring systems, all such are 
adaptable this treatment; leaving only the larger items 
déalt with separately. 

worn plant almost invariably greater than that new one. Smooth 
operation, and the maximum are only after the very 
appreciable physical losses due what Mr. Wilgus, his recent paper 
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“Physical Valuation of. aptly called the “educational Mr, 


period.” 

The author states that “One the reasons the Courts have for 
favoring the reproduction method, less depreciation, lies 
the fact. that procedure includes appreciation well 
excludes depreciation.” probable that the attitude the Courts 
this matter due more the logic the procedure than 
desire include appreciation. 

The cost educating the public the value the utility, though 
not attaching the property that particular form, remains 
very considerable asset the going value, which due funda- 
mental conviction that utility really necessary. and 

“The Practical Treatment Depreciation Accounts” the author 
apparently considers safe only that fund established with some trust 
company. from the fact that trust companies have failed, and 
doubtless will.do future, such companies find the necessary 
monies interest, overhead charges, and profit, other 
securities, and, the utility direct investment can the middle- 
man’s profit and overhead charges, and thus reduce the investment 
necessary produce the required result, would seem but fair thus 
permit; the matter purely the question whether 
not the “securities” are such more than name, and whether they 
are part the property, have passed out it. The first calls 
for expert financial knowledge; the second must evident from the 

safeguarded fund investment for renewal purposes, 
property the material which will presently replace. Such re- 
placements for the most part can made economically only after 
considérable wear and consequent loss physical value. 
loss not excessive, and set’ the books 
portion earnings merely because its changed form. 

The author’s first that trust fund meet depreciation 
“properly computed and accurately kept”—this whether this 
“kept” the bookkeeping .or the actual 
holding—should considered part the property “used and useful 
for would seem obvious. 

The conclusion, that the fund “actually hand,” 
also obvious, reasonable interpretation “in hand.” 
say, however, book entries not constitute such 
tion is, put mildly, unfair; carried its logical, conclusion, such 
reasoning preclude the consideration, assets, any unpaid 
accounts. 
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The third conclusion, that “past depreciation may computed 
only warranted when “all 
the facts the past are known,” which instance there would seem 
little occasion compute what already had. should not 
forgotten that, the Minnesota Rate Case, there were thrown out 
Court, because obtained hypothetical assumptions, figures for land 
values which were undoubtedly very close the facts. For the future, 
knowledge. the past will often establish correction factors apply 
and make applicable life tables, that organic and functional 
depreciation can predicted with reasonable closeness, but the possible 
effects obsolescence and inadequacy can only guessed at, the 
light, respectively, the the art and the local conditions. 

Conclusion four, that depreciation accounts should ‘kept 
groups similar life characteristics, and should revised from 
time time, good, and might well call for considerable detail 
the groups. should always remembered, however, that such 
accounts are only estimates, the relations which the facts can 
only known actual comparison. 

Conclusion five, stated, that the use reserve sinking 
fund for private gain precludes its consideration factor value 
the utility, sound only applies such portion the return 
from the fund becomes “private gain.” The use funds set aside 
for the specific purpose reserve sinking fund purchase 
securities other forms loan does not destroy the asset unless 
the security therefor, whether bonds, stocks, personal notes, loses 
value; nor such security pays rate interest higher than neces- 
sary for the fund, and this excess withdrawn and other- 
wise used, does impair the protection the remaining portion. 


esting paper depreciation appears largely discussion 
the paper Mr. Grunsky,* least have been suggested the 
views set forth 

this discussion Mr. Alvord raises four distinct namely 


Shall allowance made for depreciation physical structures 
computing value public utility property re- 
production method: for rate-making? 

Should sinking fund, created take care: 
allowed earn return—in fact, the same rate 
return other portions the property? 

Should sinking fund thus created considered part 
the property 

Should the units property grouped re- 
spective life limit 


* Transactions, Am, Soc, C. E., Vol, LXXV, p. 770. 
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difficulty once arises discussing these questions, from the 
fact that the viewpoint the author not made perfectly One 
conceive lines procedure under the reproduction 
method computing value which might admit opposite answers 
all the questions Under the circumstances, the dis- 
cussion these questions likely develop divergent opinions, de- 
the viewpoint the writer. 

The reproduction method valuation seems require more 
hammering reduce proper form and more clearly restrict 
fix the line procedure; and, until this done, there little hope 
arriving conclusion questions the kind raised the 
author, especially when considered somewhat abstractly. many 
instances computations relating the rate return values found 
the reproduction method have not sufficiently discriminated between 
fair rate return the value the depreciable and the non- 
depreciable property, the value the tangible and the intangible 
property, and the value which actually earned and that which 
includes unearned Such questions these seem 
have been overlooked most the rate cases recent years. More- 
over, most the going make the value utility 
property possess value except for the particular purpose for which 
the public utility used, though other units possess intrinsic value 
their own, entirely apart from and independent the public utility 
with which they are connected. Investment units one class 
obviously more hazardous than the other class, and there should 
corresponding difference the rate return which the re- 
spective classes property may entitled. The questions raised 
the author fall similar category, and unless they can discussed 
thoroughly and comprehensively connection with all other ques- 
tions which enter into the computations value the reproduction 
method, any other method, conclusive answer can given 
them. 

The writer’s discussion will brief, and directed largely sim- 
plifying, rather than complicating, the questions propounded for dis- 
cussion. 

Several valuations water-works properties commissions ex- 
perienced men, for the purpose, among other things, rate-making, 
have been carefully analyzed platted for the purpose seeing 
how the methods valuation therein used would work out practice. 
However, only that part one the analyses which seems apply 
this paper, will considered. The value this particular property 
was computed the commission aecordance with the reproduction 
method, .as used many the late valuation cases, and allowance 
for depreciation well for enhancement value and 
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for unearned increments value. Depreciation was computed 
the sinking-fund basis assuming life for thirty more units 
going make the physical property, with sinking- fund increments 
uniformly bearing interest the rate 34% per annum, regardless 
whether the unit under consideration was short-lived long-lived. 
Under the assumptions made the writer’s analysis, the composite 
property might might not assumed have definite life, but, 
for the purpose part least this discussion, considered 
possessing definite life—a life limit having been assumed for all 
the units the depreciable property. 

the diagram, Fig. are platted two curves, each point each 
being platted with reference the average age and equivalent 
annual percentage rate depreciation the composite property. One, 
the full-line (upper) curve, for convenience termed definite-life 
curve, the other, the broken-line (lower) curve, termed perpetual- 
life curve. age computed the usual manner the 
weighted method. The equivalent annual percentage rate depre- 
ciation found dividing the total depreciation, the date under 
consideration, the average age the composite property, the 
same date. Whenever break occurs either these curves 
indicates that some one the many units considered has reached the 
limit its assumed life. assumed that throughout the whole 
period consideration the total investment the physical prop- 
erty remains the same. This assumption met the analysis 
making two computations whenever any unit, going make the 
composite property, reaches its life limit. One computation ‘consists 
determining the average age and the total percentage depreciation 
the composite property the time when unit life 
limit and depreciated 100%; the other computation consists 
determining the average age and total percentage depreciation 
the same year and date the preceding computation, taking into 
consideration the new substitute unit the same class and cost 
the replaced unit. The new curve, starting with the substitute 
unit, continues unbroken until second reaches its life limit, 
when another break occurs and two similar computations made 
and new curve started, and until all the units have been thus 
considered, making what for convenience termed cycle. 

replaced new ones the same kind and cost are follows: four 
units four times, eight units three times, nine units twice, and ten 
units once. 

These curves serve particular purpose except illustrate the 
the equivalent annual percentage rate depreciation 
the composite property during different periods cycle. They 
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indicate progressive and regular increase the equivalent average 
annual percentage rate depreciation until units begin disappear, 
which characteristic the sinking-fund method computing de- 
preciation.. The computations made connection with the analysis 
the following suggestions: 

First, the definite-life (full-line) curve: 


a.—The total percentage cost during cycle 
132.5% the total investment the physical structures composing 
the composite property, equivalent amount annuity 
0.67% the investment physical structures, earning interest 
replacement fund the 33% per year during avérage 
age period years. 

b.—The value the investment at’ the close the the 
same the beginning the cycle, the replacements having been 
made promptly each unit reached the limit its assumed life period. 

order that the .67% the investment.in physical 
structures may amount replacement during cycle, the 
annuity and interest increments aceruing thereon must remain 
disturbed replacement fund during the entire cycle. 

the owner the property replacement fund 
remain intact, and uses make replacements, then the 
the replacement fund. 

the replacement fund accumulates the manner before stated 
and remains intact, and the owner makes with new 
money (assuming such condition possible) then expira- 
tion cycle has property, but the owner portion 

the owner the property replacements with money 
taken from the replacement fund, need renewed, then 
such monies may taken from the fund cease 
draw interest part that fund, but part the plant, 
their pro rata the fair due the owner and the annuity 
going into the The result deficit the replacement fund 
when computed per “a” and large amount the end 
order prevent such deficit, and the same time 
permit monies taken from the replacement fund for renewals 
plant conditions demand, the should about 0.95% 
the physical structures. 

g.—Throughout the entire computations the fair return 
and the annuity the replacement fund should based 100% 
value-of the investment. 

h.—Replacements having been made the property needed, 
and the property thereby maintained 100% value, there need 
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sinking fund return the original investment, because the 
erty possesses the characteristics perpetual life. 

the sell the property some time during 
the replacements having been made from monies accumulated 
replacement fund, then the property would worth the 
purchaser the full amount the investment, provided the remaining 
monies in. the with the monies fund 
the original investment Jess the monies 
must during ownership 100% value the 
vestment. 

‘Second, the broken-line (lower) curve under assump- 
tions precisely the full-line curve, that, 
the theory ‘of life the composite property, few 
the long-lived units, such cast-iron water pipe and reservoirs, are 
assumed only; other words, only partial 
placement necessary during cycle for these particular units. 
this theory, the total amount renewals 114% the original in- 
vestment, and, accordingly, the ‘annuity the 
found 0.80% the original investment for average age 
years, assuming replacements monies the fand; 
0.58% the original investment, the fund remains intact 
and are made with new 

The general which can drawn from this 
discussion are: 


1.—That the position Mr. Grunsky, the paper alluded to, seems 
well taken, from the assumed point view. 
considering public utility like water-works, the 
property should considered possessing perpetual life, 
although the units may have definite life. 
3.—That replacement renewal fund, properly proportioned, 
the only protection that most utilities need against deteriora- 
tion; but, order cover contingencies like premature obsolescence, 
from unexpected causes, well deteri- 
oration resulting from wear and tear, the annuity 
the fund should not less than, and may 
fund, and can termed general maintenance 
fund. rule, provision for sinking fund return the 
properly ‘applied. There are ‘sufficient data, with 
respect nearly every class public utilities, guide 
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percentage rate; deterioration physical structures 
which compute the annuity replacement fund, The annuity 
doubtless vary for different properties any 
sinking-fund the. interest being considered, course, part 
the None the increments, replacement fund should 
for replacements, and should not surrounded wall which pre- 
vents their proper application that direction. 

the question whether replacement fund shall shall 
mission definite detail. The office such commission 
there for rendering good service, and that. the 
properties are maintained such condition operated serve 
the public properly. The question whether the monies replacement 
fund should considered part the property for use 
to.go to, the owner the property, 
the the regular sinking-fund interest increments, 
conceived that any public utility. commission would. seek 
destroy the incentive good business ruling against 
ments with full-value units are made promptly needed; nor should 
such commission delay calling account management which 
ignores the public interest delaying when. needed, 
order earn return the monies replacement fund.. the 
fund remains attached the property and used for 
ments only, the annuity must proportioned with some liberality, 
order avoid, possible, deficit; but deficit occurs, and new 
money goes into replacements, then the owner entitled re-rating 
the property, return the value his new-money replacements, 
increase capital investment. the other hand, the public 
entitled similar consideration under reverse conditions. other 
words, properties must re-rated periodically. 

depreciation should considered with 
the valuation the physical structures public utilities the 
production basis. Depreciation may may not the 
value thus found, the manner the application 
monies the replacement fund and the extent which the unearned 
increment enters into consideration. replacements have been 
promptly made, and the policy the management maintain 
high plant efficiency and good service, there should 
preciation original cost value existing physical property 
but, where reproduction forms the basis value for rate- 


‘ 
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making, and such value unearned increment, due changed 
physical conditions enhanced values certain units resulting from 
city environment, and the rate return allowed these 
elements value other portions the property, then deprecia- 
tion should allowed computing fair return; but the enhanced 
and unearned increments value were put class them- 
selves and were allowed such rate return may then 
depreciation the physical, property might consistently ignored 
in.a rate case based reproduction when based original cost 
value. 

6.—That, accounting, there necessity for dividing property 
into groups units according some assumed life and charging each 
account with depreciation accordance with some mathematical rule. 
The property should considered whole, groups arranged 
structural classification, deducting from the values thus recorded 
the accounts the cost value any article unit that aban- 
doned replaced, and adding the account the substitute article 
unit. doing so, proper discrimination should drawn 
minor renewals belonging properly the operating account and re- 
placements which actually affect the investment. Every engineer must 
concede that the place for working out details and for clarifying 
and simplifying any plan specification the order 
render the work field parties simple, clear-cut, and free from 
the danger error possible, and can conceived that similar 
principles should apply accounting. 

Although much more can said the questions under discussion, 
considered their relation with the general subject valuation, 
and from a.practical rather than academic point view, the writer 
not inclined extend the range discussion beyond that laid down 
the paper, except add one two remarks, particularly the 
writer’s discussion Mr. Grunsky’s paper presents relevant views 
which Mr, Alvord seems part, least. 

The writer has stated previously that the reproduction method 
needs more hammering reduce proper form for general 
use. The attempt apply rules valuation work, with mathematical 
precision, certainly mistake, and leads the adherents these rules 
into error matters which necessarily involve the use en- 
lightened and experienced unfettered by. precedent rule. 
many times the value (to use the term another) 
value hitherto disregarded, with some new idea, has been 
proceed from elevated progressive point view; or, the other 
hand, the “yard-stick,” with the middle half cut out and the ends 
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the remaining portion joined with unaltered dimension either 
end, has been used though up-to-standard length. There 
possible way reconciling the differences thus encountered, 
bridging the wide gap exposed the deductions made, except 
going back and standardizing the “yard-stick.” other words, 
fundamental principles must agreed on, and these principles must 
applied consistently, intelligently, and cautiously, and with due con- 
sideration the character, condition, and individuality each prop- 
erty valued. two instances will the application the 
principles the same, but the results the work two more 
cause confusion mind for those who hope profited the 
pert’s wisdom. 


tion depreciation public utility corporations great moment 


the present time all members the Profession, and especially en- 
and subject vital importance both the public and the finan- 
cial interests. Mr, Alvord’s paper great interest, and has pre- 
sented his view the question clearly and concisely. the broad 
discussion take place before finally come agree- 
ment, his paper valuable contribution. 

The writer’s experience has been entirely railroad work, and 
the remarks that follow has confined himself that point view. 

The valuation common carriers, outlined the Federal law, 
gives suggestion “the cost reproduction and 
the question immediately arises: “What shall this depreciation be, 
and how shall disposed of?” The writer agree with Mr. 
Alvord that depreciation the same for all ‘valuation, 
and will attempt outline thé reasons. 

Depreciation for Rate-Making and Wilgus, 
stated the question depreciation for the purpose rate-making very 
clearly and convincingly from standpoint the accountant work- 
ing with engineer this subject, and the writer absolutely 
with those views. The writer believes, however, that there still 
other and equally important reasons why depreciation, the word 
commonly taken, should not deducted from the cost 
duction new, the date the all theories 
and technicalities, valuation for the purpose becomes 
question allowable rates for given service due the 
from its patrons. The Federal law suggests that these’ 
determined basis based ‘on the cost 


Transactions, Am. Soc. E., Vol. 208. 
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new less depreciation, but does not state how this subject 


tion shall considered, and has left unsettled question which 
open much discussion and controversy. The object the law was 
furnish means settling many the disputes that have arisen 
over the question rates the past, and prevent and settle all 
such controversies thé future. being the case, the considera- 
tion depreciation for rate purposes becomes oné service, and not 
physical value, unless the service given property has fallen below 
that which might reasonably expected investment. 
found, the given property, that the service 
less than might ‘reasonably expected from investment, 
then the property assessed charge: equal 
the amount depreciation from this source. applies well- 
managed, going property, for property has been poorly managed, 
ever give correct value for rate-making for any other, purpose 
except that taxation. properties will.come between the. ex- 
tremes, but the the 

Depreciation for law, practised, regard the 
taxation all property, but one value: the amount that 
given property will bring sale; and, for taxation purposes, 
depreciation assumes entirely different meaning from that for rate- 
making; becomes.a recognizable physical value, becomes 
problem actual worth shown from the inventoried cost new 
less any depreciation value due from any cause that affects its phy- 
sical condition, problem actual physical worth, and cannot 
include anything but its true dollars-and-cents value. “A” owns 
for The the quick-sale taxable value, and the 
larger figure the sale principle taxation has 
generally recognized the Courts taxation cases. The general prin- 
ciple this very simple, and the writer find any 
believe that based theoretical assumptions. will stand 
eal age property and else, under the present construction 
the tax laws. 

very closely taxation, many that 
prohibit the the two under also, closely 
allied depreciation for the purpose that has 
value which dependent service. There are many phases 
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this portion the subject that the writer does not believe that, this 
time, either good business good engineering attempt 
lay down general law the subject; nor, the present stage 
the matter, could satisfactory law laid down. 
different problem solve when comes the placing 
sale value its appraiser has the simplest portion 
his work complete when has finished the physical inventory 
the property and made the proper deductions due the physical de- 
preciation the as. any certain has many 
questions ask himself: the location stands the best 
found, considering the case the line were sold, would the 
purchaser rebuild any portion for economic Are there 
any competing built basis affect the 
earning power the road under All these, many 


-others like nature, answered equitably before depreciation 


for sale value can determined. questions ‘as these have values 
depreciation, and the appraiser must determine the true values 
and consider them part his appraisal. One road may not have cost 
double what its rival did, and yet the service both roads the 
same. There definite depreciation value here, chargeable against 
the more costly road, appraiser was placing value 
it; but, another will say, there would appreciation value 
favor the cheaper road case sales value was placed 
it. This very true; there question which value apply, 
but that for the appraiser settle. The main point that the writer 
wishes make that there are values depreciation for sales pur- 
poses which not apply either the taxation the rate 


Joun Atvorp, Am. Soc. (by letter).—It matter 
great interest that many keen minds have devoted their close 
attention the this paper.. The subject rather 
abstruse one, but one that will have fully understood en- 
gineers interested appraisal work. course, impossible. 
review the many interesting points brought out the discussion; only 
some general thoughts can here set forth, suggested the reason- 
ing certain typical 

The writer interested note, from Mr. Burns’ discussion, the 
fact that the California, Idaho, and Missouri Utility Commission Laws 
require that sinking funds shall established. this information 
may added the fact that the Indiana Utility Law, not only requires 
that such funds established, but permits the reinvestment such 
funds extensions the property, providing, however, value 
such extensions shall not added the value the plant 
basis return purchase: 
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Formulate Principles and Methods for the, 
findings there one 14) favor deducting depreciation for 
the purpose. of. establishing fair rates, the Committee 
writing off depreciation, and any. discussion the 
method providing for the depreciation, and the method valuing 
the property must necessarily Attention may further 
directed the fact that, paper was written,. the, Supreme 
Court, First the State New 
York, the Kings Lighting Company. vs. the Public Service 
Commission the State New has upheld the 
Public Service Commission its deduction depreciation from re- 
pages. 

The writer the opinion, after reading the diseus- 
sion and the Progress Report the Committee Valuation 
ber 1st, 1913, its additional report, that needed this time 
paper fundamental principles publie utility valuation, and not 
papers dealing with details rate-making and The 
confusion thought existing this time appears caused. 
lack understanding the fundamental principles utility valua- 
tion large number engineers who are now the 
substantial agreement ‘such principles had. the funda- 
mental valuation work the and its interpreta- 
tion the Courts, many engineers are not generally famil- 
iar with them. brief effort made this closure clear 
one the more important ones which necessary com- 
prehend order read the discussions this paper intelligently. 

The writer would for review, two ‘the dis- 
cussions, one which has apparently ‘assented the propositions con- 
tained his paper, and which has dissented. therefrom. 
seems him the that class valuers who dissent 
from the deduction the depreciation from cost new. 

writer’s Mr. Lavis strikes the root the matter. 
The ‘difficulty lies the fact that the objectors ‘not take 
the fact that the appreciations plants and are in- 
cluded the reproduction. method, and must considered connec- 
tion with the depreciations, the objectors would exclude 
depreciation, they must logically exclude the that the re- 
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production method usually introduces. The same arguments which 
would use exclude depreciation can profitably used show 
that questions appreciation should entertained. This fully 
stated the paper. 

fair guess say that failure recognize this fundamental 
principle arises because some the engineers now studying these 
questions for the first time have yet had the opportunity serve 
actual appraisals, or, so, they have not served both sides 
the valuation problem, which quite important. This appears, 
the writer least, explain the attitude some the strenu- 
ous objectors the’ theory here set forth. 

one who has been valuation work length time, has 
served both sides the controversy, can fail notice that there 
are three mental ‘attitude valuers: 

are those who approach the subject from the standpoint 
the protection the rights and its conservation. 

2d. There are those who approach the subject from the standpoint 
public 

There are often from other two, who are in- 
fluenced. desire find the just and equitable 
the public interest, one the: private inter: 
other. 

the third of: problem; the just and proper relation between 

extremely keen, through, and and 
deduct every. possible item depreciation that taken away from 
public utility property;.and, the other. 
owners, likewise through. their counsel and are fully keen 
observe every fact and element appreciated their property. 
Both these two opposing tendencies, fundamentally. sound, 
usual, the truth lies a.careful conclusion which would allow. both 
all depreciation and obvious appreciation.; When the 
principle grasped that depreciation and, appreciation must 
taken account, much trouble with this deprecia- 
States gives the owner public utility property the 
and growth value, much may not any 
actual, goes along with the, right of. public 
not pay return the full original cost the property can 
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shown have lessened value any, way.; This was stated clearly 
the paper, but have escaped the attention those 
who have discussed the matter. 


the case railroad the appreciation. 


land values must certainly very large item, far outweighing 
any loss value through minor depreciations rails, rolling 
stock, and the like. the case electric lighting properties, the 
other hand, depreciations may often largely outweigh appreciations. 

The second discussion which the writer has selected typical 
that Mr. Stuart Knox. His ideas have been set forth with great 
clearness and definiteness, and their amiable reasoning different 
from the unpersuasive tone adopted Mr. Humphreys that must 
tempted, possible, the same which they are made, 
note why one must differ from them. 

Mr. Knox dissents from. the writer’s view the second 
and introduces interesting illustration (in amplification the gen- 
eral statement the paper), through which seeks show the ab- 
basing rates depreciated property. describes water 
plant consisting solely pipe line, miles long, costing 000 000, 
and having life years, through which water, purchased whole- 


sale, conveyed and, sold wholesale. sinking fund 550 


placed the bank each year compound interest, which will 
the entire line the end life. Mr. Knox rea- 
sons, first proposition, that the fund was intact 


part the property, the rates for service should predicated 


new, or, other words, the accrued amount the sinking fund should 
permitted earn the same return the rest the property, 
and concludes that this proposition, set forth the paper, ap- 
pears The second proposition, however, dis- 
sents from; that is, that depreciation funds are detached with- 
drawn from the property and used the owner elsewhere private 
gain, cannot hope, matter proper protection the 
receive rates which include reserve fund which not actually 


hand, hand that really part the property. Mr. 


proceeds show that this proposition not sound, supposing that 
the owner the ‘pipe line does withdraw his sinking fund 
ance and elsewhere outside the water property, the same 
rates interest should earn ‘sinking fund, and, further, 
supposing that the owner, the tenth year operation, becoming 
restores the fund, and “sinking fund”, part the 
erty. 

This illustration typical number that have been 
introduced both this discussion and Teport the 
Valuation. 


Alvord, 
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The difficulty utilizing this kind illustration that, not only 
quite anything that happens practically utili- 
ties, has been set forth length the paper, ‘but the further and 
here presented, because is, pure and simple, the amortization 
original and actual cost. valuation work, considering 
the retracing past investment and its exact ‘mathematical protec- 
tion, all, but are considering present-day valuations made 
live and growing property its entirety. 

the writer’s knowledge goes, not customary treat 
the actual past cost something from which depreciation should, de- 
ducted. true that the representatives the often make 
plea for such procedure, but Courts, commissions, appraisal boards, 
with which the writer familiar, have not decided that depreciation 
should deducted from actual past cost for the purpose making 
rates unless shown that. past cost present value, nor does 
this paper even intimate the possibility such 

What has been set forth that the reproduction 
method—that is, cost new of, to- day—if used for determining values, 
should have deducted from the depreciation before using for the 
computation rates, adequate fund for depreciation not 
hand. careful re-reading the paper will make this 
true that Mr. Grunsky calls investment”, the writer only 
quotes Mr. Grunsky’s language make his own 
that “property now” that valued, more 

Now, Mr, Knox, all his discussion, evidently with past 
cost, because one place (page 850) says; “Assume that the re- 
production-cost-new the pipe 000 000 and very next 
paragraph. says: “In the of. this pipe owner 

“Reproduction-cost-new” with him evidently means. original 
far his illustration and argument coneerned least, for that 
idea runs through all succeeding reasoning this 

labor and materials, reproduction- cost-new remain 


And, 


“The having been may sub- 
sequently kept date merely adding the extensions 
these are made, and the ‘adequate’ annual depreciation reserve.” 


The writer has been engaged for the past years ‘in valua- 
tion work, and has never found yet that reproduction-cost-new would 
remain unvarying quantity, even plants which were not being 
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extended. Nor can understand how the value property, having 


once been ascertained, can subsequently ‘be kept ‘adding ‘the 


cost the extensions, for properties usually grow value ‘decrease 
value with the growth decrease the surrounding population 
and the general increase decrease opportunity give service, and 
this entirely outside and irrespective the money actually into 
them. 

Mr. Knox must realize, any engineer would 
second thought, properties actual life may appreciate 
depreciate value outside their original cost, and that, growth 
tution the United interpreted the Supreme 
numerous cases. 

Mr. has only heen typical 
this neglect take into account possible appreciation, but 
this respect than six out the sixteen discussions. 
The writer will try this fundamental difference. clear. 

“Past commonly understood indicate the actual monies 
originally expended for the upbuilding one of, the 
elements consider reasoning from cost evidence. value, but the 
Courts generally hold that not controlling element. 

Past cost seldom good measure value except the case 
quite recent Past.cost have monies expended 
for obsolescent structures, but contains none the appreciations 
which accrue property, and often accrue without actual 
expenditure. Because has none these appreciations, not proper 
not done unless some attempt made compute and 
appreciations well. 

Reproduction cost the method computing the cost reproduce 
the “property” to-day, manner that humanly possible, and 
market prices for labor and material, and including the development 
the business. Consequently, many the appreciations 
that have come the reason the growth its environ- 
them are earned and unearned increments, which 
owner From such estimate should taken 
the depreciations which the existing property has suffered reason 
its age, changing conditions, this done,. the 
result, in. with other lines evidence, found prop- 
erly value, distinguished from cost, then that value may taken 

Now, all this elementary, and preparing the was as- 
sumed that these fundamental principles, were understood, but guard 
fully against misconception the very outset, the paper states that 
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discussing only that line evidence value known the 
reproduction method, cost-new-less- depreciation, 

Mr. Wilgus speaks balance sheet showing excess assets 
over This surely relates past cost. Farther along 
speaks investment”, showing that has inyestment 

Mr. Willoughby says: “it the ultimate finding the accounting 
that fixes the value the utility,” and though immediately 
that are limited reproduction methods, yet later 
speaks such methods though they were recent past cost, and. his 
illustration lapses into past cost completely again. 

Mr. Boes clearly does not have mind that are 
“property”, the value which fixed to-day. 

Mr. Vensano argues entirely from past cost, and uses past cost 
his illustration. 

The Special Committee Valuation Utilities argues en- 
tirely from original cost, and, its illustrations, appears con- 
stantly thinking about the proper protection original cost. 

Now, taking Mr. Knox’s example, and conceding his assumptions; 
that is, that original cost “value” continuously through the life 
the plant, the writer would promptly concede the correctness his ar- 
gument, that depreciation should not deducted any case for the 
purpose making rates. There can rational dissent from such 
proposition. 
however, past cost almost never present 
thing may worth what cost, may worth much more, 
may worth much less; hence, past cost very rarely 
the Courts the best evidence present value. 

Even reproduction cost, less depreciation, not always value. 
plant may often worth more may worth less than would 
cost reproduce it, and though some utility properties depreciate 
more rapidly than they appreciate, usual thing they appreciate 
much more rapidly than they depreciate, and both facts must taken 
into account. other words, original cost, plus the sum 
all the changes cost and theoretical depreciations, should equal ‘re- 
production cost, less depreciation, to-day, were humanly 
possible make such analysis correctly, but will ‘not 
haye arrived value; other matters have considered well. 

fixing fair rates, the Courts have said, over and over again, that 
the fair value (not cost) the property used and useful for the 
public that must taken into account. 

interesting note that most the water-works 
who have had experience appraisal work have not misapprehended 
the fundamental proposition set forth. Kiersted and 
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Burns, particularly, have thrown great many interesting side-lights 
the main question. 

the matter further, may not inappropriate re- 
vert Mr. Humphreys’ illustration the hen (page 861 Mr. 
Knox’s discussion). Like good many illustrations that not illus- 
trate, this one misleading, that not comparable with the 
actual conditions find them, for, illustration com- 
parable with utility imagine that the hen 
eggs time goes than she did originally, and the 
same time growing old. 

What the value this hen the Clearly more than 
originally was, modified the fact that she might soon die, and 
whatever the philosophy ‘the farm manager, the Courts and 
commissions and practical appraisers would take both facts into ac- 
count fixing the price eggs, especially there were only one hen. 

conclusion, the opinion that the-trénd public 
utility regulation the future going lean more and more the 
requirement, municipal utilities least, that funds for depreciation, 
renewal, and contingency shall largely, not entirely, kept hand 
part the property, subject the control and supervision the 
commissions. Such funds are not necessarily idle, has been sug- 
gested, nor are they withdrawn from useful activity, but. the public 
undoubtedly protected, and the property stronger 
and the owners’ credit better when such funds are public control 
and supervision. 

significant fact that several cases, which have come under 
notice late years, where new financing public utilities, not under 
commission control, has been required, that the bankers have actually 
insisted replacement fund being created, and constantly main- 
tained required amount, order make the property more sound 
and the securities issued more secure. 

The case the steam railroads somewhat different 
aspect from the ordinary municipal much the property 
the steam land, which does not usually depreciate, and 
the remaining property depreciates rapidly that, pointed out 
the Third Avenue Railroad Mr. Floy, may difficult and 
undesirable create fund for depreciation, find any method 
that would more simple than that maintenance, pure and simple. 
This, however, should not preclude the deduction depreciation from 
reproduction-cost-new cases valuation where appreciations had 
been duly 
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The hydrodynamics the usual method of. differential 
equations, despite the fact that the brightest mathematical minds have 
attempted the subject, has thus far brought forth results prac- 
tical nature applicable such fluid resistances the steady flow 
pipes, for the resistance fluid rest the steady motion 
solid the fluid. 

The subject full and nearly impossible any direct 
treatment known mathematical methods. 

For long time the writer has held the belief that there 
profitable make comparison the motions each, using such 
experimental data are available, and that such joint study might 
also prove useful that any information gained, about, would 
helpful any doubts about the other. The method 
combined with simple mathematics sufficient explain the 
the lines thus found. The results obtained represent considerable 
advance information about both subjects. Summarizing what fol- 
lows, shown that, for bodies moving fluid rest, for 
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fluid moving along surface rest, there for both the same gen- 
eral law resistance; and, also, result such studies, there 
presented the engineer, the first rational theory the 
laws governing the flow, 

There being but scanty motion bodies 
fluid, this study was results found the 
way was made easier for the study. fluid motion pipes, and they 
are here given the order named. 


body falling, rising, fluid medium does with accelerated 
velocity and when the resistance becomes great 
the impelling force, there motion, more commonly called 
the terminal velocity. (In frictionless liquid, this would not oceur, 
but actual liquid does and uniform motion attained 
very rapidly.) 

The Experimental Data.—For the purposes this paper, the writer 
has selected data from the following 

“Velocity Galena and Quartz Falling Water,” Professor 
Robert Richards.* These are grains mineral from 11.93 
0.00152 mm. diameter, but have special value due the long 
range covered. 

Mr. Steel balls water, amber water, 
wax spheres rising aniline, ait bubbles rising water and 
aniline. 

“On the Viscosity Liquids,” Mr. The deter- 
mercury and noting the diameter and velocity. 

“On the Maximum Velocity Acquired Falling 

Also, for. confirmatory use, ‘Terminal Velocity Small 
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medium; 
Terminal velocity the body; 
Critical 
Density the fluid medium; 


Coefficient roughness, surface condition; 
Exponent; 


tan. Tangent 
tanh. Hyperbolic tangent. 


‘computed. 

pod Spheres..| 1. D=0.00816. V=1.76 


Graphical Representation the Experimental the pur- 
pose discovering laws, co-ordinates first 
where log. was abscissa, and was ordinate. ‘This was not 


| 2m > 
= 
‘ 
| | | | 
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entirely for the grains. The unavoidable 
certainties about the diameter and velocity give (as can seen 
reference the original paper) certain indefiniteness 
what actually happened; or, any sharply-defined critical points 
exist, this, coupled with the smooth free-hand curve drawn through 
the points, misled the writer for some time the true nature 
the data. Although subject for regret that information was 
not given weights grains, surface, and the original 
paper, because its long range, still very valuable, and without its 
aid the writer would not have paper. 

casting about for new devices for logarithm platting, original 
method, and believed new, has been used. 

most probable value the new function. 

when both and disappear, graphically platting four 
possible points and taking the center gravity the figure 
the most. point. 


Plotting log. ordinate over log. abscissa gives longer and 
smoother curve, but the the different branches 


the curves are not well defined using log. 
Plate XVI, where seen that, for the grains, very satisfactory 
definition the intersections the three branches has been obtained; 
also—which new—it seen that, for the first time, there shown 
exist for bodies and stages flow, their exponents 
being and and each accompanied rather sudden transi- 
tion from one stage another (which might compared the action 
balance; when equilibrium reached there unsteady motion 
and when passed the beam drops), 

Explanation Plate observed that for the stage 


ordinate and 


tan. from which there found 


= 

| 
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log. had been platted over log. then the would 
have been 


and tan. 


Plate XVI has been used for the purpose finding and the tangent, 
and the coefficients, K,, the results are tabulated the 
diagram was accordance with Equations (2) and (3), (or log. 


ordinate). 
The effect using log. ordinate, increase greatly the 


angle intersection the first and second the curves 
Thus, for galena, where 1.82; and using each form ‘ordinate, 
there for each branch the following angles: 

n=1 |n=182| 


This great increase intersection angle, where greater than 
1.50, makes the locus the lower critical more easily found 
from the data; making the ordinate longer ‘and 
smoother curve with greatly reduced angles and 
certain cases all three methods might found helpful there 
irregularity data. 

Table shows the data contained Plate XVI. 


Material. 


Steel balls 
Galena grains 
Quartz grains 


Amber spheres 
Paraffin spheres 


Lycopodium 
Polytrichium spheres. /|Air... 


*= 8.02 — 10. 
The tan. from the plat, and has been added make the form, 
log. ordinate, 


8,02" | 0 
Water......| 8.262 | 0 
Air 8.1837 | 9 
Air bubbles............|Aniline..../ 8.426 | 9 
8.998 | 9 
Glass 8.38226 | 0.526 


PLATE 

TRANS, SOC, CIV. ENGRS. 
No, 
WAGONER 
RESISTANCES. 


3.00 

SOLIDS FALLING RISING FLUIDS, 


AND THE CHANGE OF EXPONENTS 
Note- The ordinate 
Add log. the ordinate find log. 


Logarithm the Diameter 


q 
| 
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From the data Table which there are many gaps; will 
attempted find the missing parts, and the result the investiga- 
tion appears dotted full lines Plate XVI. 

the Present State Knowledge Concerning the Terminal 
amount purely analytical work has been done various eminent 
mathematicians and physicists solve the problem, both 
for and non-viscous ‘fluids, but with few notable 
applicable nature, probably for the reason that the theoretical work 
did not follow and interpret experiments, rather than precede them. 

Sir many years ago, gaye solution for very small 
bodies falling viscous medium. The solution correct, but 
limited its application condition, namely, radius? velocity 


viscosity, must small that say, the higher powers 


can ignored. fact, Stokes says that the solution was obtained 
neglecting the higher-power terms the general equation, Con- 
cerning the higher velocities, has long been known that the resist- 
ance yaries and independent the viscosity, For still higher 
velocities, such for cannon balls, the resistance varies power 
intermediate between. the second and third. About the powers inter- 
mediate between and nothing knewn, nor the state recog- 
nized any previous writers. thus appears that the diameter 
uniformly increasing, the order exponents will be: 


D, to D, “ “ “ Yn 
D, to D, “ “ “ 2 
D, to D, “ “ yprre 


and the transition from exponent the next higher will some- 
what abrupt. (This subject about possible change 

Working Hypothesis—Mr. Allen, whose observations are 
used this paper, proposed general formula cover all values 
the exponent. resistance 

and, using dimensional methods, the above becomes 
Force Resistance. 
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becomes 


For spheres, using diameter instead radius, the completed equation is: 


Equation (6) perfectly general and correct, the funda- 
mental assumption its present form, must con- 
sidered quite elemental, the coefficient, not provided for; 
will shown later, complex quantity, and additional terms, the 
form, and are required express the resistance completely. 

Apparently, Mr. Allen contented himself with proposing the for- 
mula, but does not appear have developed further, put 
any experimental test. There appears considerable degree 
probability that Equation (6) can made represent experimental 
data accurately, and will used the basis what follows. 

tion reduces (for spherical bodies) 


where constant, probably related the form the body. 
introduced the resistance side surface factor and 


the constant gravity. For cases where small, then 


exactly hence, for 
and lastly, making there 


g 4 


Equation (8) gives the locus the lines quite accurately for air 
bubbles, mercury, and glass bodies. light bodies 
0.07683, and paraffin, 0.131) the foregoing value Equation 


a 
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(8) longer holds true, and correction for inertia required. 


144 
practical method, suggested add 18, for falling bodies 


sing bodies. 


Using Equation (7), these corrections would added For 
the case irregular bodies, and generally hereafter, the quantity, 
its equivalent, will called such that, calling factor for 
the effective -producing motion, there 


General Consideration Equation (7) (11) 
show that the coefficient, Equation (6) vanishes for also 
that the quantity, may considered factor related the form 
the body and also its inertia terms. probably the velocity 
function hydrodynamical writers.) enters for 


friction coefficient assumed exist; and probable 
that the roughness the surface must affect the motion the stages 
where greater than then must the Also, 
stream function can factor with similar exponent. 
stream function, then the final expression becomes 

the term, being required cause the whole expression vanish, 
become when Equation (6) then becomes, equating weight 
resistance: 


Equation (12) can also written 
which form seen that the and Equation 


mon both equations. 


qa 
’ 
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Equating ‘of (11) and (12), 


making and equating resistances for the common point 
upper V,, and reducing, there 


which this stage the motion independent the vis- 
than seen that enters the resistance with minus exponent, 
thus increasing the 
Values and general way, the close 


ditions that 


Calling tangent, the actual slope line logarithmic 
n 


diagram the nth stage, then the following relation quite close: 


where the Napierian base and ‘diameter, and from 
this found 


Equations (17) and (18) are considered approximations, 


subject the above named limitation, that for bodies 


must small. Thus they are useful for experi- 
ments checking doubtful results. 
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seen that log. galena 3.04, quartz 3.14, abrupt change occurs, 
the exponent increasing 1.50, Professor Richards attributed 
this convection currents. the writer this appears change 
boundary conditions such that there can and actual change 
exponent. 

Physical Concept.—Assuming that there such change the 
law exponents just suggested, the whole subject might viewed 
follows: 

When very small, suppose that certain quantity fluid 
attracted the body, such that its radius, becomes the 
line slip then being over the greater boundary, this would also 
change the density relation, that for given weight there 
would greater resistance, and hence increased exponent. The 
compound grain sphere could also imagined deform under 
velocity, passing from spherical through elliptical forms 
and lastly reaching the condition quiet wake, when the 
stage begins. the close the stage the wake becomes tur- 
bulent, and the end the nth stage new boundary condition 
begins; also, the end another change the boundary con- 
dition must occur, 

Descending the scale diameters, seems probable that another 
law relating the colloidal state matter must enter about here 
factor, and the diameters where this change occurs (0,01 0.015 mm.) 
are about those required for the grains Portland cement become 
active (colloidal). Lastly, known most colloids that when 
the sufficiently small there permanent 
would interesting test. out Portland cement this way, using 
and see whether curve such above noted would 
with the limit size the active distinguished 
from the larger but inert grains. 

this view increased exponent should prove correct, 
then the order succession exponents 


whieh conveys the idea periodicity the exponent, or, not peri- 
suggests the idea that the above changes exponent are 
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subject some law, present unknown, which become 
profitable field for research work. 
Conclusion.—It has been shown that bodies falling rising 
fluid, reaching their terminal velocities, follow definite law 
about such change there condition unstable equilibrium, such 
that slight increase the diameter and velocity accompanied 
sudden change the law resistance. For the further study 
the question there are two methods: (a), the general methods 
differential equations, attempt deduce what law resistance 
will encountered; and (b), make explanation the results 
found proper mathematical reasoning. The first method gives 
check the result obtained, and the second method begins with 
definite result and seeks satisfactory explanation. The method, 
readily seen, only requires four experiments for finding the 
constants, and Equation (12); one experiment each side 
the lower and upper critical points suffices give the locus all 
the points the curve. further experimental and mathematical 
work shows that the constants, and are computable, then 
follows that must possible separate the roughness coefficient, 
and evaluate it, and thus permit research 
the nature the surface related its coefficient, which would 
doubtless throw much light the nature roughness applied 
pipes. 
Referring Equations (17) and (18), where the approximate 
equations for involve the coefficient, which contains isa 
function and anticipating the conclusions Equation (36) 
Part II, where not function viscosity, said’ that 
the case solids the field unlimited and the motion 
set gradually dies away the damping action viscosity, though, 
the case pipes, the field limited and thére 
ing action; hence reasonable that both 


CHANNELS. 


The notation used the same Part with such additions 
used throughout. 
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First certain critical limiting the law 
flow for any pipe fluid expressed very accurately the 


Second the foregoing limiting velocity and still 
greater one, the lower higher critical velocities, region 
flow concerning which but little known. has been recognized 
heretofore writers and experimenters zone, region, dis- 
turbance. will shown that for any pipe there quite simple 
law flow for this stage (hereinafter called the second stage), and 
that represented accurately (making the density one) 


Third all above the higher critical velocity 
(end the second stage), which the case ordinary use, turbu- 
lent: flow, there theory thus far developed except the empirical 
relation 


where the coefficient, variable. This the oldest formula, 
and the efforts hydraulicians have centered largely about correct 
values for the coefficient, 

There also the exponential type equation 


(4) 


which not constant and the exponents, and are thus far 
not within the scope prediction, but represent the facts quite 
accurately, determined experimentally. 

Viscosity Factor—Experiments show that the viscosity 
the fluid affects the flow, and that certain cases quite notable 
factor, and cannot disregarded; also, that its relation the velocity 
exponential, such that its consideration makes Equation 


Here new value, and not constant. 

The Coefficient Roughness, has long been known that 
the surface condition pipe, channel, influences the flow pro- 


C 
R 
S 
= J 

eee 3 
(3) 
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leaving open the question the nature experimental value 
hereinafter that is, whether not the value experimentally 
found the actual coefficient, some function the actual 
ficient. 
Making and each equal then for given pipe there 


where constant. Taking all known experimental data, seen 

that equation the form Equation (6) corresponds most nearly 

Logarithmic log. the abscissa, and log. 

the ordinate, the exponent, Equation (6) found from the 
straight-line relation 

general, may said that the experimental values 

ponent, for all the cases where any approach accuracy has been 


made, ranges from and never surpasses 2,in value. For the 


few cases where has been found greater than there usually 
some abnormality. (This matter will discussed later.) For flumes 
and channels, never reaches the value prove this, take the 
Kutter formula, probably best expressing the law flow, and as- 
sume only the variables present, such that 


and (9) 


Make the Kutter coefficient roughness, and the slope, 
constant, and let the above variable, then the formula can 
written 


Differentiating and reducing Equation (9), found that the 


9 


STUDY FLUID RESISTANCE 


becomes 


which also makes the resistance vary the first power when 
and approaches the second power when large. Hence, 
eral; the Kutter expressed’ exponentially with the ex- 

From the foregoing can safely said that, for flow the third 
stage, the resistance varies V", with values ranging from 
or, more closely, known for conveying water, 

third stage the presence variable ex- 
ponent, with and n<2. 

Comparing the foregoing, with the deductions Part there 
seen the following order succession exponents: 


First stage Second stage stage 
exponent. 


far can judged from the experimental data (which are far 
from complete), the transition from one stage another quite sud- 
den abrupt; very small increase the driving force causes 
the foregoing changes exponents the law resistance. 
Distinetion Boundary the solid moving 


from which, Equation (9), the exponent found 
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action which quickly reduces the zero great 
tance normal the axis pipes, where the second 
third stages are considered, there quite The fluid 
friction created the boundary conditions causes turbulent 
prevail over the entire cross-section the pipe, and the damping 
action named for the solids absent. the first stage there 
common exponent which points common law governing both, and 
probable that the law general one for all stages, the differ- 
ence boundary conditions producing the above changes the ex- 
ponents. 

will now shown that there common law resistance 
applicable both solids and pipes, that the general form the 
equation applicable solids, given Part can also applied 
There certain elements which are common both, such 
velocity, diameter, viscosity, and fluid density. They differ the 
choice co-ordinates, and being used for the solids and 
for the pipes, the the solids corresponding approximately the, 
for pipes. 

this part may read some who not care read Part 
the origin the general equation will fully forth, and the same 
method dimensions will used. 

The Method Dimensions Applied Find the Law Flow for 
Pipes and generalized, the driving required 
mass, length, and time, 


Opposed the force and equal thereto resistance, which will here 
and fluid density, and the additional assumption made 
that exponential relation exists between factors, or, that 


(15), when fully. written, becomes 


STUDY FLUID RESISTANCE 


Equating exponents, there found, 
or, three equations containing four unknown quantities, which can 
solved assuming (or that and have the common 
exponent, n). Making this substitution, the resistance becomes 


from which the general equation can written 

This equation practically identical with that Part for solids 
falling Béing perfectly general and‘ homogeneous is, 
the sum mass, length, and time are equal 
both members the equation), offers sound basis hypothesis 
from which work. may objected that the assumptions made 
about the nature resistance are not proved true. this 
may said that the assumptions may fairly true, 
proyided they. accord with experimentally and such 
proof will given. 


The Reynolds Osborne Reynolds* proposed 
equation for form 


equation can also written 


which differs only from Equation (17) the absence the density 
term, which required make the equation homogeneous and 
for other reasons shown later. Professor Reynolds’ equation never 
came into use because the assigning proper values 
the coefficients and the will shown that and are 


} i 
not constants, and, before stated, ranges value from 


* Proceedings. Royal Society,.,1883. 
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Special Values the Exponent, n—From Equation (17), giv- 
ing special values there found 


(18) 


Equation (19) seen the basis the Chezy formula. 
Equation (20) can modified (making the density 


which form will used later find and test the general cor- 
rectness Equation (17). 

Consideration Equation (17) test the accuracy 
Equation (17) requires that applied experimental data for 
the three stages, and, correct, then must agree with experi- 
mental results all three stages. 

The First 


For velocities below the lower critical velocity, that the pipe wall 
zero, and calling coefficient roughness, clear that flow 
the first stage (or, must independent hence can only 
enter into the equation with exponent 1), or, 
dimensions the same density. Because both and 


vanish when follows that must constant for any 
pipe fluid, and its value 
(22) 


From the ordinary theory viscosity, can shown that Equa- 


g 
tion (22) or, reducing, 
€ 


Equation (23) true for any fluid, and from deduced 

(24) 


These equations show that all experiments pipes the first 
stage flow are but for finding the coefficient viscosity, 
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and, given the latter, then the velocity can predicted accurately 
the use Equation (23). 

Applying Equation (23) the reduction the experiments 
Messrs. Saph and Schoder*, which experiments bear internal evidence 
having been made with great care, using the centimeter-gramme- 
second system units, and Slottes’ formula for the coefficient vis- 
cosity water, there found for their brass pipes: 


log. 1.4545 1.4830 1.4852 


1.4866 1.4866 1.4866 


These pipes were not jacketed, nor known that the viscosity 
the water used was that distilled water; the case Pipe 
No. VII there only one observation, where the observed loss 
head was 0.0315 ft. The small departures noted above can readily 
fall under experimental errors. 

Temperature detail the data from “Brass 
Pipe No. XVI,” there found for the log. coefficients the 
following 


Experiment No. 101, Fahr., log. Slope 0.1829 
102, 69.5° 1.4942 0.0780 
114, 1.4852 0.0586 
221, 1.4888 0.0897 


The theoretical value log. 1.4866. 


The air temperature was about 68° Fahr., or. nearly the same 
that the water used. 


For lower temperatures, there are the following data: 
Experiment No. 440, Fahr., log. Slope 0.337 


* Transactions, Am, Soc. C, E,, Vol. LI. 


Difference. —0.0109 —0.0014 
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Assuming that log. then harmonize observa- 
tions requires changes the wall temperature, follows: 
should 40°, difference 1.5° slope 0.50 


the correction required roughly proportional the velocity, 
high velocity tending absorb the heat derived from the air tem- 
perature difference about 30° Fahr. These experiments show the 
necessity for protecting the pipe wall from external temperature 
changes. 

Messrs. Barnes and Coker* have shown that, when tube heated 
from the outside, for velocities below the critical velocity, the heat 
affects only mere film the wall, passes through 
the tube practically unchanged temperature. The observations 
Messrs. Saph and Schoder are confirmatory the the sur- 
face film The writer has observed naked pipes oil 
fields California, conveying oil gravity, where passing cloud 
obscuring the sun would cause sudden drop the action 
must have been the pipe surface only, there was not 
change the temperature the mass oil. can also inferred 
that the velocity must have been below the critical velocity. For the 


ea: 


€ 


does not appear probable that ordinary 


differences temperature could influence the flow greatly, because 
the water eddying constantly against the sides and equalizing the 
temperature. From the foregoing may inferred that observations 
the stage are only useful find the viscosity coefficient, 
and that the same can found with much accuracy, provided care 
taken avoid external temperature influences. 
Reverting Equations (22) and (23), will observed that 
their probable origin from 
The terms, and are the relations area and surface, and 


the constant belonging the terms; will shown later that 
these terms must enter General Equation (17) previously written. 


’* Physical Review, Vol. XII, 1901. 
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The foregoing shows that General Equation (17) applies accurately 

from the first power. This point also the lower critical 
velocity. General Equation (17), making becomes modified 
for this stage its simplest form (making the density 


(Note that disappears from Equation (21).) 
Taking Messrs. Saph and Schoder’s Brass Pipe No. XVI 
test, the limits this stage appear between 


Lower ¢ritical velocity, log. log. 1.8563 


and between these limits are nine observations which, reduced 
for log. Equation (21), give 


Experiment No. 99, log. 2.6951 
107 
109 
110 
111 
112 
218 
219 
317 


Mean value 2.6916 


When remembered that the experimenters were unaware that 
such relation stage existed, the foregoing very close concordance 
index the care the experimenters and also highly confirma- 
tory the existence stage where the resistance varies the 
third power the velocity; same time, confirms the accuracy 
Equation (17) giving the proper exponent for the vis- 
cosity. 

The remaining pipes, Nos. VII, IX, XIII, and XV, are not 
regular the values the coefficient, the reason being that the data 


: 
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for this region are less number observations, and also that some 
observations are either quite irregular are too near the eritical point. 
For these pipes the following are approximate mean values: 


Pipe VII, Mean log. 
2.762 
2.692 
2.6916 


The Lower Critical Professor Osborne 


ce 


Reynolds, constant (about when using the diameter and 


centimeter-gramme-second system). will shown that this only 
partly true. Writing the resistances and equating them for the com- 
mon point, V,, there 

from which found 


equation which shows can only constant provided 


that constant constant), but the above values which 
the above cubed, are not constant, which suggests that must 
roughness factor, that determines the change the law resistance 

Consideration Equation (17).—At this stage appro- 
priate the nature the general coefficient, Equation 
From study the coefficients found the three stages 
and Further consideration these connection 
with Equations (17) and (25), led the following general form, 
which Equation (17) more fully detailed: 


flow, became clear that contains factors, 


¢ 
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the are removed from the bracket, are transposed 

the left-hand member, then the term, longer single- 


valued. The term, supposed integration coefficient 


the term, 


also required render single-valued func- 
tion, whenn Equation (26) can also written 

this form seen that the terms, hot have re- 
quire integration other than the term, 


and reductions are accurately using this exponent 
Fahr.; required, log. 70° Fahr. 
For 35° Fahr., log. 2.2286 
0:2408 
1.75 


difference 0.0344 
0.6344 log, at.70° Fahr. 
8.25% increase the velocity from such temperature change, 
Further Consideration the Critical Points—Making.n and 
for the first and second stages, using the final. Equation. (26), 


and equating for the two and common lower 
point, there 


from which found 


> 


Professor Reynolds modified the introduction the factor, 


3.4 
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The Upper Critical and for the ‘second 
and third stages, equating for the common upper point, 
Equation (26), and reducing, there found 


which. shows the relations between the factors the upper 
beginning the third stage, 

does not vary greatly for the brass pipes, the effect both 
Equations (28) and (29), when using diagram and 
common temperature, make both the lower and points 
lie very nearly straight line, noted Messrs. Saph and Schoder. 

From this seen that the factor, the determining cause 
smoother and more regular the pipe wall the more sudden will the 
change exponents. Just why there change from the first 
the third power the resistance not known, but the following 
offered tentative solution. 

the lower the fluid assumed moving parallel 
filaments, and there motion the pipe wall. When the point 
reached, the motion unstable and becomes turbulent, 
when the kinetic energy the fluid released expend 
itself doing internal work which disappears heat. the kinetic 
energy this, becomes Possibly this case the 
kinetic energy might represented (on logarithmic diagram) 
triangle with vertex the upper V,, all the surplus kinetic 
energy due from the lower having been used up, and 
the new tegime begins. This reasoning finds support the 
fact that cancels out both sides Equation (26), thus showing 
that not the diameter, but the kinetic energy 
present the lower This stage, aside from its value easy 
method finding the value when the pipe too large, would 
also have great value finding the differential equation, which 
Equation (26) must founded. 

and using exponents, and the reduction experi- 
mental data Messrs. Saph and Schoder, the following values are 
found: 
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the value the exponent are found, depending 
the grouping the observations. these extended 
over some time, seen that there are probably changes the sur- 
face conditions the pipes sufficient few 
the value the exponent. For the reduction given here, such values 
for finding were used were nearest their numbers those given 
for the stage. Thus, for Pipe VII, Observations 56, 199, 201, 
and 388 were used for and Observations 381, 382, and 383, with 
Observations 390, 391, 892, and and for Pipe XVI, 
Observations 99, 107, 109, 110, 111, and 112, were used for and 
Observations 103 and 104, with Observations 105 and 106, find 


y INTERSECTION OF 


Porn. 


LOWER Pornt. | 
70° 
| 


Exponent, 


2.6441 


Table shows close agreement the two values found for 
the second and third stages, and confirms the general arrangement 
Equation (26), which the only method found that makes 
single value the two stages. 

give clear idea those whom the researches Messrs. 
Saph and Schoder are not ,available, reference made 
Fig. which shows the position logarithmic diagram the 
three stages, and 1.794, for temperatures 40° 
These lines were obtained Equation and substituting 
therein the foregoing values gave the and 
computed. 

will noted that the point, much greater velocity than 
the point, Equation (28) shows that varies directly the vis- 
The equation shows that the line gen- 


il 
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erated the motion the 70° line along the line, 
Log. Slope. 
70° log. 
40° 2.1885 


Difference 0.2008 


LOGARITHMIC DIAGRAM, PIPE FROM DATA SAPH AND SCHODER 


from practical viewpoint, the one met daily use. General 
Equation (26) represents quite accurately the experimental data, 
may well state here the method used find the exponent, and 
the proof the accuracy the term, 
Calling a.c. arithmetical complement, write equation, 
follows: 


2.2 
The Third Stage Flow, stage the most interesting 
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the application this equation all the data given pipe 


above the upper critical velocity, the solution will and 


will equal value very close thus, 1.75 1.80, small 
differences 0.01 0.02 were found from the value Aver- 
aging all the data Messrs. Saph and Schoder for their brass pipes, 


XVI, inclusive, was found that the statement varies 


correct. Some larger differences than those above noted were found, 
and seemed point progressive changes the condition the 
pipe surface. Those observations which were nearest each other 
time gave more results than those found comparing 
old and new Differences the exponent and also for 
were noted. The general impression left the writer’s mind was 
that, for purely experimental purposes, such discover the laws 
flow, greater care must taken with the experiments, possibly 
the matter jacketing the pipe, have the wall temperature the 
same the water moving the pipe, and also that the water. 
quite free from sediment and organic 
might lodge the rugosities the surface, could fill any pits 
the surface, or, the ease organic growths, might short time 
change seriously the surface condition extent detrimental the 
accuracy the experimental data sought. Filtration the water and 
its sterilization would seem indicated necessary requirements 
for any approach accuracy, 

Results Obtained Equation (26).—Table gives values 
and found applying Equation (26) the reduction some 
the existing pipe data. With the exception the experiments 
Messrs. Saph and Schoder, most the data lack, details tem- 
perature. order make use some it, the temperature was 
assumed, seemed especially desirable compare the exponents 
found for wood pipe with the corresponding values for brass pipe. 

Table gives the viscosity coefficient, used the writer, 
enable comparisons made those whom such tables are not 
readily accessible. 
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centimeters. Remarks. 


1.7600 
1.7611 
1.7540 
0.4277 
0.8185 
0.2042 1.7618 
1.7749 
1.7417 
1.7440 

1.7940 


anp 


Pipe. 


0.4214 1.9815 
0.4214 
0.3842 
0.2014 1.8420 
1.8676 
0.0914 
1.9084 
1.9598 
1.9489 1.9802 


Diameter, log. Exponent, 


inches, centimeters. Remarks. 


1. 
i. 
1.5% 
1. 
1. 
1. 
a. 
1. 
1, 


Year, 1909 
1910 


1910 
1909 


f 1909 
0.0593 1910 
0.1144 f 


0.0445 
0.0467 
0.0456 
0.0458 | 
0.0479 
0.0444 
RW 0.0466 
XVII direct....... 2.7110 
XVII reverse..... 
2.6840 
2.6678 
XIX direct....... 2.75138 
XIX reverse..... 2.7281 
XX reverse..... 2.7457 
XXI 2.9061 
reverse..... 2.9471 
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inches, centimeters. 


n, 


1.778 


0.0410 
0.0300 


0.0702 


0.0129 


Remarks. 


pipe tuberculated. 
Cleaned. 


Steel. 
Wood. 


Experiments,” 27, Experiment 36, Joints.” 


0.017944 


0.023121 


Centigrade degrees.) 


t. Fahr. log. 


2.1216 
2.0987 
2.0789 
2.0481 


log. 


2.0172 
2.0112 
3.9998 
3.9877 
3.9819 
3.9483 


917 
0.0568 
Marx, anp 
t, Fahr. log. | | t. Fahr. | log. 
| = 
| 
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Comparison Equation (26) with the Usual Forms.—Calling 
variable coefficient which contains and Equation (26) can 
reduced 


Making Equation (31) the Chezy form; otherwise the 
ordinary exponential equation used various writers. was sug- 
gested the late Charles Tutton, Am, Soc. E., and others 
that the sum the exponents the terms, are constant and 
0-54 


Messrs. Saph and Schoder give for brass pipes 1.75, 


-71 


or, their 


for wood stave pipes, gives Which 1.78 1.20 2.98, 


instead required Equation (31). the sum the ex- 
ponents must equal for each member equation, seen 
that when 1.75, then the Equation (31) requires exponent 


or, 0.285, satisfy the condition equality the sum 


the exponents; which shows the futility any attempts precision 
unless the actual and used, set forth Equation (26). 
Recapitulation Stages.—General Equation (26) shown 
apply quite accurately the first stage 1), and its derivative, 
Equation (23), 
applicable any pipe fluid. 


=Vu 


For the second, stage, the general equation accords very 
closely with experiment. The change the exponent from 
the first stage, the second stage, brought out. its 
use the apparently erratic observations Messrs. Saph and Schoder 
over the critical region flow are shown accord quite closely with 
theory. 

For the third, the stage, the general equation 


(2—n) 
the exponent, and also makes which form 


exponent for agrees very closely with the 


* Transactions, Am. Soc. C. E., Vol. LXXIV, p. 471. 
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the second and third stages. 

From which said that the general equation found 
dimensional methods capable satisfying all the known experi- 
mental data, and may considered correct. 

The Exponent, and Roughness Factor, 
pendent quantities, and, before any general use can made Equa- 
tion (26), some method for their evaluation must found. The 
general relation existing between these factors will next discussed, 
and this will followed suggestions for further research work 
required for their definite evaluation. 

The Relation the Variables, and V,.—It has been shown 


that the diameter, and the viscosity factor, can also made 
constant, thus giving for the first stage constant reference line, 
which line the third stage can prolonged, the intersection point 
being the foregoing marked Fig. Although this point 
has actual physical existence, useful assumption, throws 
light the genesis 1). Making and and equating 
resistances for each, given Equation (26), there 


which reduces 


Make let constant (say for 70° Fahr.), and make 


and Equation (33) becomes 


Writing over each member Equation (34) the equality 1), 
there found 

1 = 2 (35) 


The left-hand member Equation (35) has the remarkable property 


that practically equal here shown. 
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function 0.4965 0.4990 0.5071 


Hence, for the usual range exponents, may written for func- 


tion from which obtained 


equation, very approximately correct, which can made exact 


using the proper value function instead 


Equation (36) shows that the term 1), the fractional patt 
and the factor, supposed either absolute roughness 
factor, function such factor. 

Reverting Equation (34), substitute for the value, 

equation which may serve throw some light the interdepend- 
ent relations and the assumption made that the ex- 
ponent, never greater than that the upper limit for 
pipes and channels, which assumption appears true judged 
the facts, then follows that probable relation 


where might considered some measure the surface condition 
into 
Concerning Equations (33) (39), the writer’s impression that 
any attempt present separate the variables would useless, for 
the reason that there now method known stating the numerical 
such roughness, could deduced from existing data, would still 
require further experimental work connect such value with 
given surface. 
For comparative purposes, four exemplars are here The 
mean value for corresponding was reduced.to 
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Fahr., and using Equation (26) with and the values 
and were computed. 

No. average values for Messrs. Saph and Schoder’s brass 
pipes, II, III, IV; VI, and VII, and Nos. 17, 18, and 21, are for 
their galvanized pipes. 

No. 

1.8286 1.9525 
2.6858 2.9111 
log. 1.7973 1.8621 
log. 0.0732 0.2691 


1.3319 


Relative roughness 1.65 2.61 


The quantity, the corresponding argument table hyper- 
bolic tangents that gives, tanh. 1). will noted that 
for Nos. and 21, nearly constant, hence some 
ciprocal function inspection its relation the other 
quantities shows that probably transcendental and closely related 
the relative roughness. 

The last line, relative roughness, may taken expression 
for the roughness, calling brass pipes this measure that 
required absolute measure, and its relation and re- 
quired effect the solution Equation (36). 

Probable Factors the Exponent, (32) and (39) 
suggest the thought that the changes the exponent for the three 
stages flow have their origin changes boundary conditions, 
certain limiting velocities combined with surface condition, pro- 
ducing the observed changes, and, before proceeding build any 
theory the cause such changes, brief review will made 
the possible contributing factors. 

The Experimental Value n.—For pipes and channels, our knowl- 
edge the value the exponent derived from the relation 


log. 
General Equation (16) assumes that the resistance function 
the surface, that the surface condition determines the resistance 
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and its exponent, Equation (40) shows that found: 
from loss head, and should here noted 
and. in. practice usually is, loss head not directly 
general surface. condition,,such diameter; cylin- 
drical-jointed taper-jointed pipe; from the grosser. inequalities, 
the surface, such row, rivet heads, circular longitudinal, 
corrugations large tubercles; any change from 
straight-line motion, such the pipe; leakage, air the sum- 
mits, these abnormal. conditions possible that the 
resistances follow law exponent than that due the 
general surface the resistance for 
conditions might follow the law, some law approximating it, and 
the normal resistance, such supposed arise general 
surface condition, might taken the Very im- 
portant point, not heretofore recognized,.and before any 
the theory can made, means must discovered 
separate, evaluation normal and losses head. 

this paper dealing with normal conditions, consider 
the experimental results the best selected data, show, 


te 


The Exponent Increases with the Roughness—Smooth pipes have 
exponents 1.70 and rough pipes have exponents 1.90 
1.99 but not reach the upper value 

show that sudden changes occur the value the exponent, and that 
such changes are caused by, at, certain critical velocity, and that, 
logarithmic diagram, the critical points are connected straight 
lines from point point. far can judged from the examina- 
tion the data, the above-mentioned straight lines are not asymptotes, 
but the change appears arise from condition unstable equili- 
brium, much like balance just poised, when very small addition 
the weight will cause the beam drop. should here remarked 
that the evidence this point means conclusive; thus, 
careful experiments that the straight lines are really 
connected short curvature, would necessarily modify the above- 
named opinion that the critical points are connected by. straight lines, 
and might also modify the mathematical treatment the problem: 
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the Diameter Factor (36): shows 
that the diameter not factor, because the 
constant; some other diameter used, then the value 
for brass pipes ranging from 0.1 in, diameter, and remain 
nearly the same through range 20; again, compare these 
brass pipes with the large wood stave pipes Messrs. Moritz and 
Moore, where the exponents and are almost the same for the 
brass pipes, or, there practically the same and through range 
575 diameters, from which may fairly concluded that the ex- 
ponent independent the diameter. logical conclusion from 
which is, that, for the purpose finding laws experimentally, small 
pipe more effective than large one, because better control all 
the details can had, 

The Exponent, Independent Viscosity—The Equation 
(36) contains the viscosity factor, and, reducing all the experiments 
constant temperature, there still remain and 
Experimentally, this confirmed follows: 

Fifteen brass pipes experimented with Messrs. Saph and Schoder 
(see their Table mean average value 


difference, 30° Fahr. log. 


or, difference 1.587 times the value the viscosity coefficient 
does not practically change the value the exponent. Again, if, 
diagram, the points having common temperatures and 
different velocities connected, series parallel lines results. All 
which shows that the viscosity only coefficient the ex- 
ponent which changes set forth Equation (17).. The above 
paragraph quite important the conclusions the 
following paragraph. 

Change Exponent from Change made 
Am. Soe. E., with and 6-in. serewed steel 
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pipes, used for crude oil from the Ooalinga, Cal., oil field, 
gave for the values 

6-in. pipe, 1.182 


Nothing was said about temperature viscosity. bulletin issued 
the California State Mining Bureau gives for average Coalinga 
crude oil 


Viscosity, 15° cent., 3.09 times greater than for water. 
“ t 85° cent., 1.17 “ “ec “ “ “ 


The only point desired brought out that there very great 
change the exponent due change fluid. For water, these 
pipes would have had exponents about 1.85 1.90. Assuming that 
the viscosity three four times greater than that for water, com- 
pare with the more accurate data Messrs. Saph and Schoder, 
where difference log. 0.2008 gave difference only 0.0007 
the value Accepting Mr. Hunt’s data substantially cor- 
rect, some other explanation than that greater viscosity must 
had for such large changes the exponent. One possible explanation 
that due some other property the fluid molecule than 
viscosity, such atomic molecular diameter, mean free path, 
form molecule, the atomic weight for oil greater than 
for water, appears that this property must operate reduce the 
exponent. Provisionally, will called and such will appear 
among the probable factors the exponent, as, the exponent 
being introduced, present unknown. Direct experi- 
ment with different fluids would probably give constant for each 
fluid the form, const. 

Possible Change Exponent Reversal Flow.—This matter 
somewhat uncertain, because, previously stated, the time that 
elapsed between experiments where there might have been progressive 
changes the surface conditions, but, the whole, the evidence 
points such change. conceivable that, the process manu- 


facture pipe, the surface inequalities might have greater average 


slope one direction than another, or, this combined with the pattern 
arrangement might, reversal the direction flow, cause small 
changes and hence there would changes the exponent. 
present, the this point does not warrant any fur- 


ther notice than general caution future experimenters consider 
the matter. 

The Roughness inner surfaces seamless brass tub- 
ing (which the eye were quite smooth), when examined under 
microscope having power diameters, showed surface which 
appeared covered with small wart-like masses separated dark 
lines. idea their height was gained. The diameters varied from 
0.002 0.004 cm., with average about 0.0035 cm. Galvanized 
pipes were more irregular. pipe diameter had one side 
about the same degree roughness that the iron from which 
the zinc had been stripped. The other side was far rougher, and 
was quite drossy; elongated tears zine showed that this was prob- 
ably the bottom side while draining. The average diameter the 
roughnesses was from 0.01 0.02 cm., averaged 0.016 em. 
galvanized pipe was quite smooth, and nearly comparable the brass 
pipes. galvanized pipe was found rough and angular, 
with quite different grouping from the others. The average diameter 
was about 0.01 0.02 cm., and was apparent that the rugosities 


were greater height. was the writer’s impression, from this cur- 


sory examination, that using photo-micrographs (or other suitable 
methods), the differences noted could expressed definite terms, 
and perhaps correlated with the exponent. was made quite clear 
that there are minute which affect the exponent and co- 
efficient, and are not visible the unaided eye. 

Definition present, the only means ex- 
pressing the degree adjectival. default exact 
knowledge, the terms, rough, rougher, used, when what 
further advance. The foregoing examination seems indicate that 
there possibility obtaining numerical definition noting the 
average number rugosities per unit surface, their mean height, 
and general cross-section. addition these features, 
probable that. the pattern arrangement might such influence 
the stream-line motion the fluid. 

Broadly stated, numerical definition would consist the average 
departure from surface, combined with complete knowledge 
the following measurable quantities: 


the number rugosities per unit surface. 
the average height the rugosity. 


possible that this might for practical purposes, 


but for scientific purposes, further classification might required, 
such as, 


average angle one rugosity with the pipe axis. 
angle rugosity rugosity referred the pipe 
axis (pattern 


The two latter factors would certainly required there should 
found that the succeeding paragraph necessary factor flow. 

General Remarks Flow.—Exploration Pitot tubes 
the velocities over the area pipe turbulent flow shows that 
the velocity near the wall about one-half that the center 
the pipe, and the mean velocity about 0.68 the radius from the 
center, the central and wall being joined 
elliptical curve. This statement, taken singly, implies that the 
part the fluid tends run from the the 
wall, state non-diffusion must exist. Opposed this view 
are the actual experiments Benzenberg, Campbell, and others, where 
‘dye, bran, etc., have been used measure the mean velocity, the un- 
derlying principle being, that there such diffusion, accompanied 
translation, and that after long run, the marking material may still 
considered fairly body, which serves accurate 
measure the mean Such experiments taken singly show 
active circulation across the pipe, some the 
marking substance diffuses transversely, but not longitudinally. 

The experiments Reynolds show that the beginning turbulent 
ments probable that the motion checked: wall; dif- 
fuses toward the center, and then returns toward the wall; the 
same time subject longitudinal Hence not 
improbable that the mean motion at. the spiral; or, all 
molecules tend about the pipe follows 
that Pitot tube must those one 
the mean motion, the actual velocity the moving fluid being greater 
and generally angle with the It. thus 
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the actual motion average point may something 
quite different from the mean flow all the points. 

should that. the nature stream function should 
greater than one), the maximum disturbance the mole- 
cule must near the moving solid and due viscosity; this motion 
damped. and dies away some. 
the axis the case turbulent flow there 
such damping All the molecules are disturbed vary- 
ing degree over the entire area the pipe section. 

correct, then the mean motion and particle 
would tend reappear the same place, measured around 
the pipe, the recurring points separated along the pipe axis period 
one complete rotation. One particle, howeyer, must the 
next nearest to, it, and, supposed case general spiral motion, 
spiral path an. oscillatory motion, also periodic nature, the latter 
motion probably corresponding dissipation energy function and 
the former stream-line function. 

present, nothing known the actual motion pipe, and 
the foregoing paragraph only suggestive factor that. may re- 
quire estimation for the complete development Equations (32) 
(36). For the actual inquiry, seems that the use glass 
pipe carrying fluid charged with opaque particles about the same 
density, and the use camera traveling the mean velocity, 
would possible record accurately and trace out the path one 
more opaque particles. 

initial stage flow has for exponent, and 
suddenly becomes hence the problem cause the 
addition 1). the preceding discussion the 
possible factors 1), there found the order given, the 
following list probable factors 1): 

roughness, increases with the roughness; 
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change fluid profoundly changes (n— 1); 

Some: additional remarks some six factors are 

where greater than there results improbable values for For 
example, Table the 22-in. wood stave pipe has 2.215 
0.013; also, the Holyoke in., 2.08 gives 
0.0129. Judging the remainder the pipes, where from 
1.95, these values are probably about one-fourth one- 
fifth the real value. general, both and increase simultane- 
ously. Here there decrease with great increase For 
this well that all the more exact experiments Messrs. 
Saph and Schoder show values than believed 
the function connecting the variables 1), 

statement accord with general experience. The 
scope rugosity previously cited are also confirmatory. 
Although great accuracy claimed for such measurements, 
here the following approximate relations 

0.975. 


difference 
From which there is, sufficiently 


= & 


where denotes the number per square centimeter. 
not affirmed that (41) (42) are correct. They are 
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only suggestive some relation between the diameter rugosity 
and 1), which Equation (42) would 


tanh. (>) = 
Ne 


which the 6.5 probably function 1), and the mean 
height rugosity. 

the critical points logarithmic diagram seem 
connected straight lines, this seems sufficient justify the state- 
ment that such lines are not asymptotes, but rather point condi- 
tion unstable equilibrium, which the cause the sudden change 
from one stage another. Additional experimental work about the 
actual points needed clear the present uncertainties 
the precise cause the change. Such work also required choose 
the proper form function variables. The experiments 
indicate that and are inverse functions the absolute rough- 
ness. the suddenness the change stage, such 
change may considered the integration all the separate re- 
sistances caused average rugosity, and seems probable that 
the more regular the surface the more sudden the change. Great 


irregularity might tend changes before and after the 


point, with the result slight curvature connecting the branches; 
hence, experiments with burnished pipes are desirable test this view 
and the same time find some minimum value 

with different fluids, especially with those having 
molecular constants which are best known, offer the opportunity 
vary the exponent while using given surface, which would doubt- 
less throw much light the problem. Conversely, the method would 
applicable chemical physics clear doubtful points 
molecular properties. 

e.—This may viewed case where the arrangement 
the rugosities differs for direct and reverse motion. 

probable that some additional function present and that Equa- 
tion (26) not strictly roughness function but probably com- 
pound nature, hence the introduction the stream function and dis- 
sipation function possible factors. Such factors would certainly 
functions the roughness. 
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Summary.—The foregoing shows that there one primary factor, 
the roughness, with V,, and 1), dependent functions, and 
probably the stream and dissipation functions also dependent func- 


tions. Hence, the solution the problem resolves; first step, 


into the formulation definition roughness, and the assignment 
numerical value therefor. 
Assuming temporarily, that such numerical value the rough- 
ness factor, and make stream-line factor, appears probable that 
the problem would about follows: 
and 
For water, the term, would constant, and could dropped 
giving new value The experimental work required find 
quired, would probably have deduced mathematical methods, 
Suggested the prime requisites for the final 
solution the values 1), and might named: 

The use clean filtered and sterilized fluid. This would pre- 
vent changes the surface condition and give higher degree 
accuracy the constants thus Experiments could 
repeated with considerable time interval found neces- 
sary, with the certainty that the surface unchanged. 

Jacketing the pipe avoid temperature changes. 

The use small pipes least two different diameters. 

The use burnished pipes, where the utmost degree of. smooth- 
ness would attained. 

The use threaded pipe, lead pipes, for example, having screwed 
surfaces. This would ensure uniform condition of. wall 
surface. The threads could varied any extent pitch 
and cross-section thread, and could have the thread 
unequal section for direct and reverse flow. method 
admits great variations, easily carried out, and would 
directly relate given surface the sought variables means 
exactly known surface conditions. the change fluid 
the pipes mentioned, new values would found for the 
variables. 
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the use photo-micrographs actual surfaces, combined 
with such other measurements might practicable. 
probable that definite numerical coefficient 
assigned such surface. 


After such work, would follow appropriate mathematical treatment 
the acquired if. not leading. directly the solution 
the problem, would indicate the nature any required additional 
experiments. 

The writer aware that the belief held some that 
doubtful any better methods than those now used will ever found, 
because the manifold variations the surface condition. From 
this belief the writer vigorously dissents. The present degree knowl- 
edge such practically zero. When all the factors 
the surface condition are studied and classified, world in- 
formation will available, and thus narrow down the range ex- 
ponent and coefficient, not exactness, least sufficiently close 
for practical use. 

With these suggestions, the writer submits the paper, hydrauli- 
cians and those interested the subject, for criticism and discussion, 
and trusts that some the hydraulic laboratories will take the re- 
maining work outlined herein, ‘and find complete solution the 
problem. 
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THE DIVERSION IRRIGATING WATER 
FROM ARIZONA STREAMS.* 


Most the irrigating water obtained from Arizona streams comes 
from the higher mountains. Very little rain falls the lower and 
more level country, where cultivation practicable. ages the 
typical stream has gathered its silt, sand, and gravel these 
mountains and forced it, reason strong slopes, through the can- 
yons and down the low country, where grades become less, and 
spread out evenly the broad, gently sloping, cultivable valleys. 
Usually, such valleys show evidences having been flowed slack- 
water for periods long enough deposit deep surface beds fine 
silt. The overflow has eventually cut its way out through surrounding 
hills, and worn down the outlet below the valley level. channel 
has then been cut across the valley floor the alluvium, toward which 
channel the surface slopes and drains each side. The irrigated 
valley now like great shallow dish, inclined little, and with 
the bed the stream running across the direction its slope. 
intercepting the river water with dam where enters the valley 
from the surrounding hills, may often diverted into two canals, 
one the right and one the left the stream. Throughout wide 
circuit around the edges the dished valley the canals are located, 


* Presented at the meeting of February 18th, 1914. 
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with gentle grades insure the flow and with the water surface gen- 
erally few inches above the natural ground enable the water 
taken out intervals. course, then possible draw water 
into ditches from one these canals irrigate any piece land 
between and the river, there always slope that direction. 
the river flows through the middle the valley, the area 
under each main canal not the same. 
often happens that practically all the irrigable land valley 
lies one side the river. The great Salt River Valley about 
Phenix has about twice much irrigable land its north side 
found the south, and the Agua Fria and Buckeye Districts, 
the Agua Fria and Gila Rivers, respectively, each utilize practically 
only one side the stream. 

Were not that the arid nature the country still allows erosion 
phenomena vigorously, the provision works for diverting 
the irrigating water would much simpler. For some years the 
writer has frequently been called design diversion works con- 
nection with both United States Government and private irrigation 
projects this region, and this, paper deals with the principal features 
and conditions relative this experience. 


The the locality diversion present stream 
having flow which varies between very wide limits, and subject 
very sudden changes, The floods often carry large quantities water 
rushes, bearing down with them all kinds drift—on the 
surface, suspension, and grinding along the silt, 
sand, gravel, and boulders. The. works will heat 
and dryness, but ice (except the plateaus northern Arizona). 
find all rock foundation, the river bed generally consists 
deep canyon, with rocky sides, which has been nearly filled with drift. 

For the requirements irrigation, diversion works must such 
that the flow water shall not long periods 
the growing season, which, the way, southern Arizona, nearly 
months the year. Canals should kept free from sand and 
gravel, but the fine silt carried suspension valued highly the 
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for keeping the strength the soil, very little other fer- 
tilization being system includes storage reservoir 
somewhere stream, much this valuable silt, unfortunately, 
deposited the bottom the reservoir, where, for the 
not. only .useless but time becomes serious 
pacity divert and distribute promptly unusually large quantities 
water flood times generally required. Surface drift kept 
out the canals. The layout the whole. works must. also such 
that the banks the canals, where near the river, will be, protected 
from the waste waters when floods pass down the river, 


Dam. 


For diverting water into the canals, some kind dam generally 
required, although special cases subterranean collector conduit 
used. generally necessary raise the elevation the water 
considerably order place the canals above the reach flood water 
and raise the surface level them much possible for serving 
the greatest area irrigable land. 

The original diverting dam for irrigation was merely obstruction 
brush, stone, and earth projecting into the stream (as wing) 
across it, and deflecting the water into ditch about the natural 
level the stream bed. Any small rise the river destroyed it, and 
had rebuilt. The point where the river water entered the canal 
was generally chosen place naturally suited withstand the wear 
flood, cutting through projecting rock ledge boulder point. 
The most serious expense and loss with such canal head was not that 
rebuilding the brush and stone dam, but the loss crops due 
the interruption irrigation. However, the hard and persistent 
work the pioneers, most the irrigated districts Arizona were 

The next step improvement was the use timber and rock- 
filled crib dams. Although dam this type can doubtless made 
perform the required service, its common history Arizona has 
been that, because insufficient protection the foundations, 
ill chosen dimensions governing discharge, has been sooner later 
breached flood, causing heavy losses. the absence 
flood data, and even when such data are hand, difficult for 
designer appreciate the destructive action provided against 
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damming these streams, except after first-hand experience. Usually, 
the river presents very shrunken appearance, because dry weather, 
and the intervals between extreme floods, often extending through 
considerable number years, give time cover and age the 
evidences their action. 

this climate, timber even more temporary material than 
usual. All its possibilities for warping and checking are brought out 
wetting followed much heat and dryness. The necessary iron 
fastenings are hastened rusting alkalis often contained the 
water. this timber must usually come from Oregon and Wash- 
ington, way Southern California, also expensive. the 
present and prospective prices cement, the expense timber-crib 
dams this locality not justified their enduring qualities. 

Some diversion dams have been built cemented stone masonry, 
but late the most suitable and available material has proved 
Concrete materials are found near almost any diver- 
sion site. The excavated materials from the foundation trenches often 
prove quite suitable. Thus appears that, for most cases 
this locality, concrete dam and intake works suitably designed and 
constructed is, both economically and structurally, about the ideal 
structure for diverting irrigating water. The concrete dam usually 
entirely across the stream, but, account expense and 
poor foundation conditions, sometimes appears advisable build, 
next the intake gates, wing-dam permanent construction, which 
acts spillway for moderate floods, and maintain dike earth 
with higher crest closure the opposite river bank. This dike 
expected out the heavier floods, and then must replaced. 

The main features the complete diverting dam, which prac- 
tically always the overflow type, are the foundation, the apron, 
the rollway, the sand sluices, and the canal intakes. 

Where bed-rock cannot secured for foundations, excavation will 
generally discover beds heavy boulders deposited the stream, 
tightly packed together and chinked with gravel and sand. 
account the usual position the diverting dam the mouth 
canyon, mentioned previously, the heavier products erosion 
coming from the mountains can confidently looked for the bed 


the river. The deposits grow progressively coarser depth 
increases. series rather heavy walls laid out and built 
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trenches excavated down the best gravel boulder bed within reach. 
The dam supported mostly these walls, but assisted the un- 
disturbed masses gravel lying between them. The arrangement 
walls consists deep one, put timbering and pumping, 
running lengthwise the dam under the heel, and somewhat shal- 
lower one under the toe. These two main walls are connected 
cross-walls intervals from ft. The heel-wall should 
tight; the toe-wall pierced by. ample weep-holes relieve under- 
pressure. The driving sheet-piling often impracticable ac- 
count boulders. The foundation walls are brought the level 
selected for the the main section, and the material the 
spaces between them leveled correspond. The solid gravity sec- 
tion then the whole foundation. thus placing the 
bearing surface the foundations deep, the danger undercutting 
minimized. 

The principles of. analysis used the writer determining 
practical cross-section, for two these dams which have been built 
and well tested, are simple, and can seen reference Fig. 
which was the writer’s study planning the Granite Reef Dam. 
The space behind the dam may always expected fill the crest 
with hence the provision for mud pressure. Although 
the cross-section chosen for stability against overturning, using the 
bottom the main section base, the foundation walls are mono- 
lithic with the upper parts, and contribute heavy additional weight 
and frictional resistance acting against such overturning forces. 
sliding: the gridiron foundation walls enclose very heavy mass 
gravel which must moved along with the structure separated 
from the parting the concrete walls, either contingency being 
very strongly resisted. The underflow through the deposits beneath 
the dam has been found excavations slow, and account 
the quantity coarse material not easily washed, the first flood 
with its silt deposit makes efficient stopper seepage. 

The upward pressure beneath the dam chosen for these cases 
uncertain, The design the Granite Reef Dam was made before 
the publication the interesting analysis upward pressures 
Wolff, the University Wisconsin, contained discussions 
“Dams Sand Foundations,” Arnold Koenig, Assoc. Am. 


938 DIVERSION IRRIGATING WATER FROM STREAMS 


Soc. Applying the test that analysis, however, Fig. 
shows that the upward pressure was taken more than enough 
satisfy the requirements. Mr. Smith’s curves, page 199 that 
analysis, the average upward pressure the whole bottom width the 
dam, calculating from the top the apron instead the river bed, 
would about the pressure due head water ft, 
This would give total 18000 per running foot dam the 
bottom the main section, compared with lb. used the 
writer’s old study; this, too, when applying the average pressure 
the full width bottom without the ft. 
the thickness the foundation walls. Pressures the 
these foundation walls may assumed greater per square foot 
than those the base the dam where they join it, but will not equal 
the weight the walls themselves. All these upward pressures are 
lessened after the silting has occurred above the dam. 

The writer does not forget that the analysis, the test which 
applies here, assigns the maximum under-pressure low water. 
also aware that the resultant the upward pressure 
diagram will not come the middle the base, taken the 
writer. However, the difference head between the heel the dam 
and the toe the apron, for the case flood assumed herein, will 
about equal the head low water. The writer also finds that 
upward pressure lb. applied one-third the base from 
the heel the dam—as the pressure diagram were triangle—will 
still keep the total resultant inside the middle third. 

the openings the toe curtain-wall for relieving pressure, to- 
gether with the method jointing the apron, believed that the 
point least upward pressure for the dam near the toe 
the main section, instead farther under the apron. will seen 
later, though the pressure relieved over the width the apron, there 
small chance for the surface underground water carry away 
material cause undermining. 

During flood, shown Fig. the water glides over the ogee 
and across the apron high velocity, and stands wave 


just about the down-stream end the apron, where strikes the 
gravel the river bottom. The general level the tail-water 
several feet higher than that over the apron. these times, far 


* Transactions, Am. Soc. C. E., Vol. LX XIII, p. 198. 
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the hydrostatic pressures under the structure are concerned, the 
apron with its open joints must area where under-pressures from 
above the dam and from the tail-water below are both relieved. 
can readily seen that with tight apron small thickness, dan- 
gerous upward pressures might brought bear it. quite 
conceivable that the swiftly passing water over the open joints 
the apron exerts some suction injector action the water which 
rises from beneath, thus assisting the escape those waters and lessen- 
ing their pressures. 

expansion settlement joints were provided the two Govern- 
ment dams referred to, and evidences have appeared that they would 
desirable. The dams have developed few transverse cracks, which 
are detriment, they will silt up. There also sign settle- 
ment shown the 

well keep the dam and the various gates close together, 
usually one continuous structure. The sand sluices must placed 
with the object disposing sand which threatens enter the canal 
intake. This sand can best deposited the river bed below the 
dam, which place usually sluiced through passage for the 
purpose. good arrangement combine the gates and intake 
structures with the abutment wall the end the dam, and 
very desirable for this purpose have bed-rock these points for 
foundations. 

Very careful attention must paid the apron laid along the 
bottom the stream protect the toe the dam from being under- 
mined. where bed-rock foundation practicable, the apron 
has been found part the structure very vital its stability. 
surface should placed level from ft. below the natural 
bed the stream. gravel bar will then form just beyond its down- 
stream edge which will back the water over the apron and keep 
water cushion always the toe the dam for receiving the shock 
the overflow. The width apron sufficient protect the toe 
the dam varies according the height and volume the overflow 
and the consequent scouring energy the water. The depth high 
water above the crest will also influence the width. The apron 
concrete, but must not connected the dam, one continuous 
sheet. Being laid beds gravel and boulders near the surface, 
will heave and settle more less, and, laid continuous sheet, 
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this action cracks into irregular, sharp-angled slabs which are likely 
shifted and undermined the flowing water. 

satisfactory apron was made for the Granite Reef Diversion Dam 
preparing bed packed clean boulders which many the 
stones projected prominently. bed concrete, about in. thick 
and into 10-ft. square slabs vertical joints, was laid top 
this foundation. account the adhering boulders the under 
sides the slabs, together with their weight, they are adapted offer 
great resistance sliding. The dam raises the water level ft. The 
apron was ft. wide, down stream from the toe the dam. Besides 
dividing the apron into heavy slabs definite shape, the joints be- 
tween the slabs also served relieve the upward pressure under- 
flowing water during the first few months, while the river bed above 
was sealing itself with silt and sand. curtain-wall, braced with 
piles and waling pieces, was used strengthen the unsupported edge 
the apron. similar apron has proved satisfactory the Diversion 
Dam the Government Power Canal Salt River, miles above 
the Roosevelt Storage Dam. 

The rollway has surface sufficiently outside the path free 
fall sure that adhering nappe preserved. The writer does 
not favor turned-up toe for the main section, tends cause 


increased agitation the water the main structure. better 
let this energy spent the apron and the bar below it. This 
result was secured Granite Reef, illustrated Fig. 


The entrance sand into the canals has been resisted using 
the principle skimming the less turbid water from near the surface. 
forebay walled off two sides, the form. comparatively 
deep channel running directly front the row intake gates; 
open the upper.end and given outlet the lower end large 
emptying through opening the dam. The intake 
gates draw water from this forebay level considerably above its 
bottom, and the sluice-gates, which have large capacity, draw from 
the very bottom the forebay, which has good slope toward them. 
entering the forebay, the motion the water checked the in- 
creased cross-section, and the heavier sand grains settle the bottom. 
intervals the sluice-gates are opened suddenly 
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piston, and powerful rush water washes out the sand. During 


flood the water eddies about, and less sand allowed settle. With 
the gates placed the usual way, much water drawn into the canals 
these flood times, sand carried with it. For this 
reason customary build some kind settling basin sand-trap, 
within the first mile the canal, where sand may caught and 
sluiced back into the river. would better all this separation 
the sand done the head-works. likely that the 
money expended sand-traps settling basins could, with equal 
advantage, spent the improvement the 
system. 

operate with good effect, the sand-sluicing gates must draw 
current water front every intake gate with enough velocity 
and agitation scour thoroughly that part the forebay. For this con- 
dition, care should taken that the capacity enter the forebay, 
compared with the discharge the sluice-gates, not large 
that the high velocity sluicing only close the 
this account, sluicing for the benefit the forebay 
done flood time, although the sluice-gates are often left slightly 
open during flood prevent the banking sand against them. 
the water must always have enough room entering the forebay 
fill the maximum requirements the canal, follows that, 
draw the level down and get complete scouring one operation, the 
sluice-gates must have discharge greater than the require- 
ments, unless indeed some device for controlling the entrance area 
the forebay can provided. Such device would have the 
outer wall the forebay, very exposed position flood season, and 
would add one more complication the gate system. the best 
examples now built there are rather heavy and expensive sluice-gates, 
account the large quantities water handled. The writer 
has recently designed diversion works for canal, taken out 
the Gila River, which attempts improve the sand-sluicing 
equipment. modified arrangement based that design shown 
Fig. which proposes improved type intake works 
suitable for silt-laden rivers. this design the skimming principle 
preserved for use flood time when most needed. For 
the ordinary low-water conditions, the water clearer, and taken 
from the river over series wide, shallow crests, which reduce the 
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slope the river bottom the approaches one gentle that coarse 
materials will hardly carried close the gate entrances. 

flood times the forebay the old type fills with gravel which 
not easily sluiced out afterward. With the arrangement, 
the lower part the intake gate, called the “Regular Gate” closed 
soon the flood rises ft. above the crest dam, and water 
for the canal taken over the top this gate, being controlled 
the upper part, called the “Flood which closes down the 
first sill. Gravel rolling along the river bottom during the flood 
passes over the dam, finding place enter accumulate. 
Whatever gravel and sand does find its way into the intake gates 
caught the settling chambers (one for each intake gate) where 
ean always sluiced under uniform conditions from the bottom, 
through the sluicing conduit, and back the river below the dam. 
planned have the upper leaf the inside gates rise and cut off 
the back-water the canal simultaneously with the opening the 
lower, sluicing leaf. These gates, however, can worked inde- 
pendently, and, case need, the water may shut off from the 
sluicing chambers entirely. believed that intake this type 
can built and operated cheaply the other. suitable power 
operating mechanism, which can uncoupled for hand operation, can 
readily designed for the proposed arrangement, has already 
been done for the old. also believed that sluicing the collected 
materials from one chamber moderate size time, where shallow 
stream with sharp fall can secured agitate and cut the deposit, 
will more certain and thorough. All the sluicing gates discharge 
into the same waste conduit, only one two settling chambers 
need flushed out the same time. 

The most satisfactory sluicing and intake. gates yet devised are 
the common rectangular sliding type, cast iron sheet steel, 
and operated rising screw stems. They move bronze sliding 
strips, and close oak metal sills the bottom. Those the 
Granite Reef Dam, built the Reclamation Service,* are 
thin cast iron, arched section the compression side, the ten- 
sion being taken steel rods the back and placed across the bow 
the cast-iron shell. They are light, strong, and durable. this 
the sluice-gates are operated hydraulic pressure pumps, the 
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transmission being heavy chains running over sheaves; they are 
weighted with concrete for closing gravity. the Granite Reef 
Dam, very excellent feature all the gates, which were designed 
Teichman, Am. Soc. E., that, the pressure side, 
where sand, likely bank against them, they present smooth 
fronts, instead system deep ribs, often built the past. 

designing gates these situations, the question the proper 
starting friction use for the bronze sliding ways comes 
up. The writer’s experience has shown that this coefficient much 
larger than published authorities known him would indicate. 
order make reliable determination the coefficient under actual 
working conditions, the writer disconnected the raising mechanism 
cast-iron gate, having machine-bronze sliding ways, 
the power canal Roosevelt, and its place attached long timber 
lever resting fulerum made piece round steel shafting held 
between flat steel plates. platform for carrying weights was then 
suspended from definite point the lever arm, and the apparatus 
was used weigh the starting resistance. The actual weight this 
particular gate was known from the inspector’s weight obtained 
the time its receipt from the manufacturer. The timber lever was 
weighed and its weight per linear foot assumed constant. 
correction for the weights the lever arms was then made. 


Statement Conditions Test.— 
Water pressure only one side gate. 
Area subjected water pressure the gate, 
measured the center line closing strips. 38.7 sq. ft. 


Head center pressure ft. in. 
Total water pressure 500 


Two experiments were made, follows: 
First Experiment.—To determine coefficient starting friction 
after the gate had been closed tight for several weeks: 
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Second Experiment.—To determine coefficient starting friction 
with the gate raised off the sill about in. and water 
its lower edge: 


Result: Frictional resistance 985 
Coefficient starting friction 


The turbid condition the water, perhaps, the chief cause 
the increased size the 

nearly all would probably pay use gasoline engine 
power for operating the gates. engines are now common 
that one suitable for the power required may always found, and 
speed opening and closing essential. They should designed 
such way, however, that hand power may applied case, 
necessity, 

Trash-racks and booms, for protecting the gates from driftwood, 
have not been found necessary. .Most the driftwood comes down 
flood time, and then nearly always carried the middle 
the stream and over the collects the stronger current 
that part the river. the dam placed below, on, a.sharp 
bend the stream (which not good policy), the drift, course, will 
thrown close the outside shore and will need guarded against. 


Arizona there much more land fit for irrigation than can ever 
properly irrigated from the flow the streams that State, and 
because this abundance land, compared with the available water 
the regular flow, always order look for storage opportuni- 
ties along stream. sometimes happens that natural storage basin 
may found near enough the head the farming make 
the storage dam serve the purposes diversion 
Diversion then question conduits and gates for conducting the 
water past the dam and into the canals. these conduits and gates 
are necessary part the storage dam any case, they need not 
noticed detail this paper. 

Occasionally, water has been diverted from sandy-bottomed streams 
steep grade collecting perforated pipes timbered conduits 
buried the stream bed and brought the surface extending 
gentle grade far enough down stream gain the necessary elevation. 
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Heavy floods will pass over intake this kind without damage, 
and constant small flow can sometimes obtained from the ground 
where the stream ordinarily dry the 

Fig. illustrates plan recently devised the writer for case 
the Gila River where the area the land under the canal would 
not justify the expense permanent structure extending entirely 
across the river bottom, which this place wide. The canal com- 
pany has heretofore maintained its head-works brush and earth 
dam which has been away small rises water several 
times season. The great loss from this condition, mentioned 
previously, growing crops which are deprived water. The 
main object the present plan provide escape for the small 
summer rises the river (say from 2000 10000 sec-ft.), which 
are short duration, without the same time losing the head neces- 
sary keep the: canal running. the flow during winter floods, 
and occasional summer flood, very much greater than the fore- 
going figures, the dam, which raises the water only ft., designed 
out automatically when the danger level reached, thus largely 
increasing the discharge area and leaving obstruction the chan- 
nel above the concrete foundations, which rise only the natural bot- 
tom level the When flood has thrown down the dam, 
will comparatively easy set the steel frames again and put 
place the planks which make the weir. The concrete foundation 
bed-rock footing. that the earth dike, which 
closes the gap from the automatic dam the farther shore, will 
broken through extreme floods. should planted 
with willows cottonwoods and Bermuda grass help bind to- 
gether. 

For the purpose springing the latch which holds the first 
10-ft. section the dam, proposed have protected well, con- 
nected with the river water, the masonry the abutment the 
shore end, which enclosed heavy float operating the necessary 
lever. The fall the first frame designed trip the latch 
the next, and until the fall the dam complete. 

The individual planks the weir are attached wire cable, 
the end which free the point where the sections are first re- 
leased, the other end being anchored the opposite end pier. This 
precaution taken save many pieces this timber possible 
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for use replacing the dam after the flood has run down. ex- 
pected that the string planks will float and swing over shore, 
where the lumber may recovered. 

should understood that the types works mentioned this 
paper are not advanced suitable for all conditions found 
Arizona. Every case must relation its peculiar 
conditions and requirements. The Colorado River presents series 
conditions, due its enormous volume flood discharge, and 
the conditions its bed, that demand particular and unclassified solu- 
tions. For such water-sheds those the Gila and Salt Rivers, how- 
ever, and for many other streams the arid Southwest, believed 
the contents this paper will apply. will observed that the best 
examples noted herein are structures put the Reclamation 
Service. These have been planned and with amount 
care not often equalled the case structures built private 
parties, and much valuable investigation and observation have been 
devoted them. 
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Paper No. 1300 
PAINTING STRUCTURAL STEEL: 
THE PRESENT SITUATION.* 


The corrosion structural metal (principally steel) atmos- 
and other natural causes subject which has long been 
importance the engineer. few years ago, the greatly increased 
use concrete structures aroused the hope that danger from such 
corrosion would much reduced; but unarmored steel seems 
used much ever. Concrete has not taken its place, but has 
made entirely distinct place for itself. Much has been written, 
and much has been done, relative the protection steel; but im- 
provement has been slow, progress being made step step. 

The writer can remember when corrugated iron was introduced, 
some thirty years ago, that was common practice send out with 
shipment suitable quantity powdered iron oxide used 
pigment, with directions for mixing with oil and applying 
paint. was supposed that, because contained iron, was 
proper paint apply iron, like “applying the hair the dog 
cure the bite” (which the writer has also seen done). 

Some years ago, Mr. Thompson attempted classify pig- 
ments, their relation with iron, suspending them water 


and immersing pieces iron steel these mixtures. The results 
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were somewhat surprising; some the pigments which common ex- 
perience approved, seemed increase corrosion this condition, 
and others, known useless protective paints, seemed 
much better for preventing Lampblack, for instance, was the worst 
provoking corrosion, and white zine pulverized chalk prevented 
it. This was probably due the fact that lampblack contains, con- 
densed the surface its particles, considerable acid 
which most generally active agent the corrosion iron, and 
white zinc and chalk are basic substances which iron not rusted; 
however, the acid lampblack displaced grinding 
oil, and the well-known lack durability paints made white zine 
and prevents their good qualities from coming into action. 

great the need more knowledge the value pig- 
ments paints, and their mode action, that nothing promising 
new information neglected. five chemists from 
different parts the United States, with the approval the Society 
for Testing Materials, made series the principal pigments, 
and some other. substances, steel immersed and, 
was expected, arrived substantially results.. These 
results, has been stated, were value from the standpoint 
the paint-maker, being inconsistent with the known value the pig- 
ments when ground oil varnish. When the report was published, 
however, the pigments were classified, according their water value, 
into three groups, namely, inhibitors, indeterminates, and stimulators. 
This was the origin the use these now well-known 
paint terminology. was expressly stated the report that. this 
was classification regards water only; but the names were 
convenient and that those not familiar with the subject, 
and also who saw their value for advertising purposes (two 
quite distinct classes), put them into common use classify pig- 
ments oil. obvious that any classification pigments. 
oil should based their behavior oil, and if, must con- 
ceded, this radically different from water tests, the latter should 
not regarded. this investigation began some years ago; mean- 
while, numerous young men, mostly students working under the 
supervision their teachers, have made brief and generally incon- 
clusive studies paints, and almost without exception have used these 
indefinite terms, inhibitors and stimulators. Patents have even been 
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the writer’s opinion, are not only worthless but 
invalid—covering the use old and well-known pigments. What 
worse, every maker paint nostrum assures readers 
particular paint absolutely inhibits rust, and that everything 
stimulates it. This the whole history this jargon about 
and stimulation; never had any particular value 


the consumer, generally used mislead him. 

obvious that good paint the pigment particles are en- 
veloped film oil; they not come contact with the iron; 
they did, the paint would peel off, for dry pigment adheres well 
metal. true to-day has been the past that rusts 
because air and moisture act it; and paints are used keep air and 
moisture They not inhibit rusting, ‘they in- 
hibit the cause it. 

The important practical question whether paints have been 
can improved being non-porous and durable. This essen- 
tially dependent the relation between the pigment and the 
the true nature this relation, very little known; but something 
known about its visible manifestations. known, for instance, 
that lb. dry red lead mixed with lb. oil makes paint 
ordinary consistency, and dry lampblack requires least 
lb. oil, say, thirty times much, making allowance for 
difference density, six times much, the red lead. Similarly, 
white lead; and white lead takes nearly twice much red lead. 
These are things know; but have idea why they are so. 
Again, red lead, which oxide lead, makes excellent paint 
oxide iron neither very good nor very bad; oxide 
manganese bad. Our knowledge paints yet largely em- 
pirical; chemists dislike admit this; for, like everybody else, they 
hate confess that there anything they not know, and thus, 
when new theory offered, some them make great rejoicing 
over without first finding out whether not agrees with the 
facts. Where are gaining more general appreciation the 
value the proper application paint, better preparation surface, 
more confidence good paint rightly used, and the better prepa- 
ration paint materials. For instance, the older books, and until 
about twenty years ago, find analyses red lead showing 
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low 55% true red lead, with 45% litharge. Red lead made 
from litharge, and the presence the latter not sign adultera- 
tion, but incomplete conversion. the same time other samples 
showed high 80% true red lead. well known, there 
was much difference opinion those days the value 
red lead paint for iron; though most users liked it, some thought 
poor stuff. now known that its value depends the quantity 
red lead contains. red lead always contains litharge, 
because the litharge the middle large particle never oxidized. 
was the finer the red lead, the better was, and 
arose which forced the manufacturers make higher 
grades; now they are grinding their litharge an.impalpable powder 
before roasting it, with the result that 94% true red lead has 
been the market for Then unexpected fact was 
developed. The old red lead when mixed with oil 
day so—often few hours—into cement, just like plaster 
Paris and water; this tendency made work with difficulty and un- 
evenly application, and its coarseness gave tendency run; 
but the new, high grade, article inactive oil, and brushes 
out smoothly like house-paint. This enables the painter cover 
50% more surface with the same quantity and still get coating 
having uniform thickness which gives more protection than the 
thin portions the paint formerly used. This secures greater econ- 
omy, even slightly greater cost per gallon; and this economy, 
not only the cost the paint, but the labor, because the paint 
works more easily, and man can cover more surface day; 
also requires less skill, and therefore, less highly paid man, 
good work. For the last year two, red lead ground pure lin- 
seed oil has been offered the trade paste ready thinned 
with more oil; such paste keeps for year more, indefinitely 
far known, like white lead paste. Its use saves time and 
waste mixing, and, being ground through mill, the mixture 
perfect, which not the case with hand-mixing; and, avoids 
the presence dusty pigment, more sanitary. 

The only serious objection the use such red lead that 
dries more slowly than the older kinds. This can obviated, however, 
the use little japan drier. There well-founded prejudice 
against the use excessive quantities drier any paint; but 


bs 


956 PAINTING STRUCTURAL STEEL 


should remembered that red lead paint mixed the (standard) 
pigment per gallon mixed paint. this pigment contains 15% 
litharge, has lb. litharge per gallon. Now, good, 
lead japan driers, lead and manganese driers approved quality, 
contain the equivalent lb. litharge about gal. drier; 
mixed 94% red lead paint dry requires only pint drier; the 
rest much safer add the desired quantity 
may asked the 94% red lead not more 
active; probably because, when the peroxidation the lead has 
been carried nearly completion, the particles litharge are 
enveloped completely dense coating true red lead that the 
oil does not reach them. This obviously not the case with the 
less thoroughly oxidized pigment. 

has sometimes been those not very familiar with 
the chemical questions involved, that the litharge the essentially 
valuable part the paint, and that the red lead only ‘an inert 
extender. This not so. The whole history the subject shows 
that the improvement red lead for paint during the last twenty- 
five years has been made reducing the litharge contained it; 
litharge alone, used with other pigments, has not been satisfactory, 
though orange mineral, which red lead free from litharge, most 
excellent, and would used its cost were not great. Further 
progress will undoubtedly produce red lead with lower percentage 
the protoxide; fact, the 94% red lead now the market usually 
contains much more than 94% true red lead. 

Progress has also been made our knowledge linseed oil. 
Within few months, the American Society for Testing Materials 
has adopted specifications for North American raw linseed oil, which 
better quality than that made from South American seed. These 
specifications are the result great deal work many 
best oil chemists, and now possible for any good analyst tell 
whether not oil pure and good. Methods paint analysis 
are general being and vast amount. work 
going Germany and England well the United States, 
the chemistry and nature drying oils. present linseed oil 
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has adulterants, but substitute; China wood oil valuable drying 
oil, more valuable for some purposes than any other, but, oil 
for ordinary paints, used, far the writer knows, only 
cover the use non-drying oils which must regarded adul- 
terants. present prices, not likely used even this 
way. Fish oil used some extent, always has been, paint 
for roofs and smokestacks; but one should not disturbed talk 
about. the “newer paint oils”, for, except. China wood oil, there are 
none. 

closing, may well mention that the Committee appointed 
the American Society for Testing Materials has made final report 
the condition the paints the Havre Grace Bridge; 
well known, this bridge was painted six years ago committee 
that Society, which committee included several members the 
American Society Civil Engineers. This report describes three 
the paints excellent; two these were straight red lead oil, 
and the third was red lead, with about 30% silicate 
added, oil, the red lead one test being about 98% true red lead. 
Nine other paints, varying are reported affording 
generally effective protection the structure. all these paints were 
carefully applied, fair conclude that the durability any good 
paint may increased one-half, and probably doubled, proper care 
its use compared with average practice. only con- 
tinually reiterating this fact that shall ever secure the most ele- 
mentary and fundamental requirement for the economical treatment 
structural 
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DISCUSSION 


Sabin’s exposition the present situation regard paint protection 
steel would appear have least the merit simplicity. 
few brief paragraphs all that cares consider 
the researches, theories, and conclusions contemporary investigators 
corrosion and paint problems, and sets forth what terms the 
“whole history” this “jargon” about inhibition and stimulation, 
which states never had any particular value the consumer, and 
generally used mislead him. 

does not seem fair just that such statement should al- 
lowed pass unchallenged, view the great number engineers 
and others who are responsible for the care steel structures and 
believe the value the “inhibitive” quality protective coatings. 

Mr. Sabin’s review entirely ignores the electrolytic the 
mechanism the reactions which lead metallic corrosion, and 
brushes aside all its application paint problems, little 
value. Ignorance, even the purest sense the word, mass 
accumulated evidence and data, not argument, and likely 
considered par with King Canute’s effort order back the 
advancing tide. The electrolytic explanation corrosion, which 
the inhibitive theory paint protection based, now accepted 
great number investigators and authorities America and abroad. 
the writer, the best his knowledge and belief, largely re- 
sponsible for the “jargon” which Mr. Sabin claims has done much 
deceive consumers, may perhaps permitted contribute 
few paragraphs Mr. Sabin’s “whole history” the subject under 
As, far the aware, the first use the words 
problems, occurred his paper “The Corrosion that 
paper the electrolytic theory corrosion was developed. few ex- 
cerpts from this paper will serve illustrate the point made: 

“Tt has long been known that rusting inhibited and that polished 
iron will remain bright indefinitely all sorts alkaline solutions, 
provided they are sufficiently concentrated. This also true all 
solutions salts strong bases and weak acids which hydrolyze 
alkaline reaction. This fact has been eagerly seized upon the 
adherents the various theories which have been advanced, can 
made fit more less well with them all. Thus, alkalies ab- 
sorb carbon dioxide, and therefore carbonic acid prevented from car- 
rying its work destruction. The added fact that fully saturated 
soda also provides full protection iron, even fairly 
dilute solution, which would seem stumbling block, has not 
shaken the faith the devout believers the carbonic acid theory. 

* * * * * * * * 
Proceedings, Tenth Annual Meeting, Am. Soc. for Testing Materials, June. 1907, 211. 
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acid and its soluble salts, such the chro- 
mate and bichromate potash, inhibit the rusting iron immerse 
them. 


“The writer has observed that rod strip bright iron steel 
immersed for few hours strong per cent.) solution 
potassium bichromate, and then removed and thoroughly washed, that 
change has been: produced the surface the metal. The 
surface may thoroughly washed and wiped with clean cloth without 
disturbing this new surface condition. visible change has been 
effected, for the polished surfaces examined under the microscope ap- 
pear untouched. If, the polished strips are immersed 
water will found that rusting inhibited. ordinary un- 
treated polished specimen steel will show rusting few minutes, 
when immersed the ordinary distilled water the laboratory. Chro- 
mated specimens will stand immersion for varying lengths time 
before rust appears. some cases matter hours, others 
days even weeks before the inhibiting effect overcome. 


“Tf brought into contact with water, either pure 
natural, iron goes into solution replacing the hydrogen ions that 
are present, and oxygen present, the ferrous ions are oxidized with 
the formation ferric hydroxide the form rust. Any substance 
which increases the concentration the hydrogen ions the water, 
such carbonic, sulphuric, other acids, will stimulate corrosion. 
the other hand, any substance which decreases the concentration 
the hydrogen ions, any manner prevents the interchange 
the electrostatic charge between the metal and the hydrogen ion, will 
inhibit corrosion. follows from this that the rusting iron 
primarily hydroxylization rather than oxidation, and the oxygen 
does not directly attack the surface the metal the wet way 
ordinary temperatures. 

* * * * * * * * 

“Substances increase the concentration hydrogen ions, 
such acids and acid salts, stimulate corrosion, while substances 
which increase the concentration ions inhibit it. Chromic 
acid and its salts inhibit corrosion producing polarizing damp- 
ening effect which prevents the solution iron and the separation 
hydrogen.” 


These citations are sufficient show the writer’s responsibility 
the application the words “inhibition” and “stimulation” the 
corrosion problems. the same paper, the practical 
application the use chromic acid and its salts inhibiting 
agent was suggested and foreshadowed the following words: 

“From what has been shown regard the inhibitive action 


the chromates not improbable, since such dilute solutions pre- 
vent electrolysis and corrosion, that the addition small quantities 


Mr. 


d Cushman. 
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bichromate boiler waters would highly efficacious preventing 
the rapid pitting which has caused much trouble. 
* * * * * * * * 


“The experiment has been made keeping iron and steel dilute 
boiling solutions bichromate, through which dir 
bubbled, for protracted periods, and the strength 
solution was equal above one two pounds bichromate 1000 
gallons water rusting has ever taken place. There would, there- 
fore, seem reason why potassium bichromate should not 
come into use boiler application the various 
inhibitors the priming coats paints and other protective coverings 
has already been some extent made use of, and would appear that 
slightly soluble chromates should the ‘best protectives 
for the first application iron and steel surfaces.” 

the 1908 meeting the American Society for Testing Materials 
the writer presented paper entitled “The Inhibitive Power Certain 
Pigments the Corrosion Iron and Steel”, and that paper the 
whole: subject the inhibitive theory applied paint protection 
was developed further. 

Following the presentation the writer’s 1907 paper, and the 
discussion paper Mr. Hughes, entitled “The Deleterious 
Ingredients Paints”, Mr. Thompson, who quoted Mr. 
Sabin, suggested the water pigment tests described Mr. Sabin, 
and some experiments which had already. made 
subject: Mr. Thompson, the course his remarks, stated that the 
remarkable thing which appeared his original experiments was that 
some the pigments had inhibited the oxidation, one pigment having 
caused loss the steel test piece 0.37%, showing, according 
Mr. Thompson’s own words, large inhibition, whereas another pigment 
had caused loss 2%, considerable increase, compared. with 
the blanks which were run simultaneously. Thompson summed 
stating that wished make the suggestion Mr. Cushman, 
Mr. Walker, and others who were investigating the corrosion iron, 
that they make experiments discover the relative electrolytic activity 
various pigments relation iron. This suggestion was eagerly 
the writer, and, Mr. Sabin deseribes, committee 
five chemists, from different parts the United States, made series 
tests principal pigments, steel immersed The 
results obtained these laboratory investigations were then placed 
the practical experimentation the steel test fence erected 
Atlantic City the Paint Manufacturers’ Association the United 
States, the inspection which from time time was placed under the 
supervision suitable committees the American Society for Testing 
Materials. result these tests, which have been con- 
stantly since 1908 and have been reported annually, the best pro- 
tection has been developed the basic chromate lead known 


| 
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basic including both, the orange mineral, and 


they would peel dry, pigment adheres well 
because air moisture act it; and paints are keep air 
inhibit the cause 


This ‘statement would appear show that Sabin has 
comprehended the manner which inhibitive pigments pro- 
tect steel when mixed with oil and painted the surface the metal. 
intimate contact ‘of the pigment particle and the underlying surface 
is.in fact called for, order that thé inhibitive action 
should exerted. simple experiment ¢an made prove this, 
any one interested making it. soluble chromate, 
such zine ‘yellow the chromate mixed 
eapable the water and even being leached out 
hibitive, for protecting, iron and steel, the the 
atmosphere condenses rains surface and absorbed 
the linoxyn coating, impregnates slight degree with the 
chrome radical the pigment, solution wets the metallic surface 
and some extent maintains passive non- -rusting condition. 
Though true that ideal paint film should 
air and moisture from the underlying surface, the fact that paint 
films do, not ideal qualities this respect, and all them 
are more legs. permeable water and atmospheric gases. 

that for many years red lead has been used more 
less successfully prime coating material iron and steel, and 
the writer has criticism make properly red 
leads which are ptoperly mixed with good vehicle and properly applied 
prime coaters yield good protection. When, however, Mr. 
that nothing more done, and that there need further 
with him, can easily shown under test that, in- 


Mr, 


{ 


hibitive explanation protection, many pigments giving 
all over the world suffering ¢orrosion ‘and deterioration. 
Most -of the prime must cost 
ever, that where the first, considered, relation 
the maintenance upkeep cost structural steel for 
years, now possible, the result research and investigation, 
design prime. coating material which will protect steel 
more efficiently the usual red lead ‘application, and sincerely 
hopes that engineers, and other consumers will not remain 
last word has been said to, paint 


determine which kind should this 
second, they should very finely 

oil one best primers for ‘structural steel, and, when ‘mixed 
with some equally pure the’ best final coats. The 
first contract under which used this material ‘was 
some bridges, aggregating about 000 tons, rhich following 
specification, was 


sample that contains more than foreign 
matter. that, vitrified, that contains metallic lead; that when 
mixed with linseed oil and drying 


this contract promptly: after fabrication, 
special opportunity the wearing qualities 


work at.all, general results, however, 

past years, the following, was obtained 
storing, was, found necessary clean and: re- 
considerable quantity the metal. The specifications re- 
should consist red same specifieation as: above. 
Experience showed that after storage more, than, the metal 
condition, 

required this time was ‘not obtained very 
The samples first test. showed 49.08 
79.56, and these, were, rejec- 
waiting some time the general contractor changed his paint and 
the. next 96,48 and ‘The 
more needed the figures would have been 
The the steel had bright color, and 
The. such, with; 94% more true. red lead, pre- 
pared recent methods, will not been noticed the 
this has been because not all the 
important matter, and the manufacturers are 

by. Committee the American Society for Testing 
appearance the paints which contained red lead the finishing 
It-is knowledge many cases, when all 


4 
Wagner. 


Mr. 


Mr. 
Gardner. 


for the protection steel, but matter great pride 
paint which have been recorded during past 
for Materials noteworthy. The studies’ 
researches ‘its members are largely present 

progress has been brought about 
and practical test, not hear phrasé, 
“some thirty years repeatedly used ‘the skeptic 
obtained. 

Mr. Sabin’s statements regarding the de’ 
tests and therefore misleading. referring’ 
that the red lead used was 98% pure. 
Agriculture, Washington, that the red lead 
paints which gave results their 
No. paint consisted 65% lead; the remainder the pignient 
true red lead and 10% litharge. contained approximately 95%, 
true red lead, the remainder consisting litharge. Moreover, these 
three paints (the ‘were made different grades 
oil and different quantities, The oil which ‘present 


Assistant Director, The Inst. Industrial Research, Washington, 
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The Havre Grace Bridge tests have most excellent 
tributed any definite knowledge relating: to: the 
tests: were. for that 

The authoritative paint to: the efficiency 
single pigments.as preservers and steel; which have been 
very. scale, the so-called inhibitive pigments: proved the 
gave excellent protection ‘to the iron plates, 
neutral and highly insoluble, only results. 
gave marked protection the metal sheets which 
were painted with that type neutral Mr. 
Sabin claims good protective paint. This neutral red lead paint 
the end years’ test gave very poor results plate which 
with little and inert nature lead 
basic litharge red very high and! 
its superiority ever neutral red 


rdner. 
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upkeep: equipment, ‘and similar structures 
and Southern Pacific the City for 
and pigments, and prepared paints. 
These paints will used the new elevated subway roads. 

That thoroughly are necéssary the 
recent meeting the Master and Locomotive 
sociation quite view ‘of Sabin re- 


or, technical words, must slight positive 
the above factors and many more slightly All, these 


steel 

this purpose, are many pigments which 
suitable the best grade red lead. may 
basie sulphate lead zine the red black 


which will contain thoroughly pigments, thé basic 
chromate Manufacturers lead: products that. they 
economically white lead for 
total ignorance the well-recognized principles metal 
paint for use the steelwork modern structure, 
either case the ultimate result would probably the same. 


Am.’ Soc. E.—In his brief and well-written 
paper,.Mr. Sabin has given great interesting information, 
from his point view, the newer theories and practices 
regarding oil paints proteetion ferrous metals. has used 
the deprecate certain does not himself accept, 
and devotes large part the paper red lead, the paint pigment 
which especially interested. states that “when new theory 
rejoicing over without first’ ‘finding out whether agrees with 
the 

spite the sincere respeet for Mr. Sabin’s knowledge 
rejoicing himself over this new red theory, without offering much 
lead the finer the red lead, 
the the two ‘used straight, might 
third: red lead the other the only offered 
propdrtion about litharge, were better protected 


Mr. 
Carpenter. 


Mr. 
Gardner: 


after exposure than similar plates paint 
orange ‘mineral, which contained praetically: 


Mr. 
Carpenter, 


$8 > ‘SE TSE w liti ou Ss 


tests made May 18th and 22d, 191 


94.2% and litharge from, 5.7 19.1 per The fineness 
equally. The given, determined. the 
The lead true content (Sample was found 
tie with one other, the one with next the highest true 


| 
| 
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division. 

The paint mixtures for the tests made ‘with open- 
the same condition—by one operator, same and under 
and ‘kind for Thé quantity but 
proportions lead and noted consistent. They 
next the lowest true red lead content, gave the greatest 

true red lead, and the spreading oil, 

foregoing determinations, course, not give any 
tion ‘as the durability respective leads paint, nor their 
respective values the protection ferrous metals from’ 
the endeavor determine’ these the leads were mixed 
gal. dil; ‘and paint was applied, under three 
different conditions, one coat each steel plates in. 
proportion the over quantity red lead and letting 
stand ‘over Next morning, the tequired quan- 

‘Three paint, one for proportion 25, and 
red thus making éach these fifteen lots 
steel plate coated and properly Then 
from small were partly filled. One 
each these bottles was allowed ‘stirring, 
for period weeks, the end which time the 
in’ the set ‘bottles day for 
could not applied; that one was made from the 


Mr. 
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days, year and some months. They were then brought 

were generally, good condition. Those coated with, 
were best, although the coatings, changed 
the manufacturers, The per gallon. coatings, were 
the 25-lb, per gallon per showed 
the best, color, the of, the 

cation many cases were had. protected, the 
well as; immediately preparation; some cases 
it, was eyident that the mixtures had to, 

The coatings applied after the mixtures had been daily 
the paint applied immediately after preparation, 
plied, results from these coatings were good. 

choose, between. the leads, affecting the and 
For economical lie. with, the, one 
predetermine the spreading capacity, paint made with any, 
the lead, least within the range exhibited, the samples tested. 

may thought that the exposure tests not, long for 
comparative results. this regard attention called to, the, that 
long for 

but simply definite opposed mere state- 
hoped that others may, take, up, the; 
Mr, Sabin’s paper lead, one think that lead 
good pigment for paint for, preserving metals.. 
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undoubtedly one of’ the for ‘use 
under conditions, are other conditions under 
satisfactory; and doubtful its use than one coat 
structural steel for ordinary exposure, ‘owing its cost, 
its susceptibility deterioration color and integrity contact with 
gases, and its often objectionable 

may very well argued that one two under coatings ‘of red 
paint will generally over coatings paints with 
and cheaper pigments, rather than additional coats red lead. The 
speaker has also known instances which oxides have made 
records for durability and protection, paint coatings 
applied directly steel surfaces, and has much higher regard 
for the value iron oxides for use structural steel paints 


all that contains can for alleged 

paints the Havre Grace Bridge the report! incom- 
plete.; The report really deseribes as: exeellent nine: 
also misleading. Sabin, this stating 
that the percentage clay nearer 25. The specific 

these three only the red lead which was mixed 
every one these red leads was coated over with 
the test proves; anything, carbon paint was 


Carpenter. 


Mr. 
Toch. 


No. 12, nearly can determined: from report, 
the only coats.of, paint, all the others 
not ashamed this, view the faet that it: invented 
himself and made his firm. Bearing Mr, state- 
ment with reference the inhibitive the basic paints, that 
Plate No. analyses, was the only 
was now. known The finishing, coat was 
paint, after years these two coats are equal the three 
coats the others. 

Four smokestacks for the power- -house Long were 
painted August, 1906, and are good condition to-day they 


The author has not even faint praise” any mate- 
rial December 13th, 1913, the speaker 
critically the test plates City which were 1908 
take issue with Sabin, for the three red plates 
which are still ‘exhibition there are not good plates 
covered Prince’s metallic brown, which ‘iron; 
the: American orange mineral, which pure form red 
orange 

must made Sabin’s statement: should not 
progress this statement would than 
take him ‘seriously, 

take out common moré than ‘his ‘allotted’ 


PAINTING STEEL 973 


the raises the price bread not. 

thousands gallons were none sold until the price, 
which have been about was raised gal. 
speaker very quietly cast about for turpentine, 
United States Navy, who showed much more ‘any admiral 
ever did ‘in when ‘he wrote specification’ for turpentine sub- 
stitute for the United States Navy, and 
chases turpentine the Navy 000 large number 
other progressives did the same thing, with the result to-day 
shattered those who had raised 

from per Although the speaker has contended 
‘had found just good ‘as linseed, he’ has 
proved that there are ‘several which, oil, 
the newer paint materials, him printing 
ink; linoleum, artificial leather, and also 
whether bean Menhaden not ‘valuable assets 
found oil, porpoise and seal oil, under the fish 
and was the speaker ‘pointed the paint industry that 
these are animal oils and not fish oils, and, further, that fish: oil, 
‘suitable for paint material, had other- 

far was the only China’ oil ‘imported that year, and 
the those During the year ending October 31st, 
undesirable paint’ material. one talks 
about adulterants one treading ‘on very thin 
familiar with the high-priced Epicurean 
‘society feat, and yet, 150 years ago, good slave :was 
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Mr. sold Maryland, the agreement the slave 


not fed terrapin, for that time was 
good food for dogs. China clay, which pulvetized 
feature would made its use instead secret. 

market réd lead ground in. paste can very 
easily thinned and made ready for ground pure 
more, knows has been known, mineral, 
mixed red lead years ago, and made 
much, dearer than any other paint, 

Everybody. that some places red most ex- 
cellent. protective paint, but other places not, 
there are some that caustic, soda, whieh 
tofore, which. contains and red paint 
not now condemned because cementitious; material. 

the Panama Canal priming paint, being applied 
turned. blue, to, the action the sulphur gases the lead, and 

otganic it; amounts same, thing. 

all those materials which his judgment and experience have taught 


‘ 
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him has even had the temerity well own 


paints whenever the for world large enough 
tunity state that Sabin ‘have been friends many 
years, and differing ‘opinion with him, 
author mari ‘who ‘is has had and ‘varied 
experience which entitles ‘the right’ but the speaker 

ordinarily applied commercial practice and faulty 
render any direct comparison inaccurate. The painting, usually 
done structural steelwork, about the job the entire 
construction. most erecting engineers know, the work painting 
steel paintér apprentice, and ‘is very poor sample 
painting. ‘the painting, the shop coat ‘would seem 

The average paint used the shop relatively cheap material, 
put the cheapest labor the shop, and more frequently 
put Now, ‘it ‘would appear reasonable expect that 
very bearing final ‘net result the work: Thus, 
and then $1.25 paint used the field, seems open question 
how mtich result final painting the shop 
coat and how much the field coat. 

Referring the matter red lead paint applied—not 
many pounds lead gallon should one expect low-grade 
painters use successfully. There are existence number speci- 
fications, issued and corporations high standing, 
construction, the vicinity New York City, the painter, 
who was the employ the cothpany and had object whatever 
cheapening the work, reported that not unless 
but the speaker’s that about was much 
the found they could work with 

spéaker does not wish convey the paint- 


oc 


Mr. 
Coombs. 


| 


Mr,,- 


but, that the either in, the the field, 
is, Further, the manufacturer along blame, 
but, also, the. owner the simply had practice which 

However, having recoyered receipt 
order embodying another change paint from im; 
mediate use the shop, faithfully incorporating the proper 
instructions the shop orders, often takes 
the matter. The paint question now the foreman, whose 
the minds of. shopmen, take real pride, doing good 
shop work, any old paint the specified color good enough, 

can responsibility, for the skepticism of. the 
manufacturer, engineer, and paint salesmen rather 
permit, the impression get_abroad that, the paint used their 
petitors will eat, the steel than 

engineer, nor paint expert... corporate however, having 
engineering departments, whose duty conserve their eonstruc- 
tion interests, can, hardly absolved for work. 

The unwilling, although able, specify definite in- 
cheaper grade paint than that specified, has been 
used, or, which the shop, and. the field painting 
been. very badly done. Painting wet freezing weather, the 
rust, cinders, mud, and the paint, are, rare 

‘painting. Not much relation the done under 
contracts throughout, either poorly inspected 
not, paint really needed, usually badly, needed; 
and, unfortunately, the, work the maintenance 
just the work on. the original inspection 
inadequate. 

It_is the speaker’ opinion great many cases, particularly 
interior steel encased concrete, no. field paint whatever 
necessary, and that, the expense painting such members. would 
which really need it. it; may contradictory 


‘ 


able exposure, the importance of- revision the common attitudé 
material, under incompetent supervision. 

speaker would: like: Mr: Rights thinks the 


sidering the number shops; not the 
the total 


ventions City; inspected ‘paint and has 
listened regatding the values inhibitors 
lators. has paper and the ‘discussions with 
deal with the hope would brought 
out help clear the situation, from the standpoint one the 
résponsibility for the application thé paint, both 
the field, and therefore important link manu- 

have any facilities for their painting ‘inside 

ing, the work can done regardless’ freezing weather. 
considered plans ‘for covering their shipping them 
ness would not wartant increasing the painting the owners. 
The bureaus which large proportion the fabricated 
rule that the finished material not 
takes several days shops ‘in his and 
this means that the steel must sometimes lie the day 


Mr. 
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the work inspected, easily seen ‘time allowed. for 
general, the class labor doing the shop painting 
pieces are evenly 

found that bridge erectors not relish and 
better results have with the 


has become the custom for them paint the 
tractor agreed price, the work applying, the 
appointed, the bridge 

The speaker would like state here that the bridge manufacturer 
favor cheap The fact of.the matter is, that 
would rather put good paint, proyided the cost this good paint 
has been the specification, and figured his 
nal bid. will easily seen that work the, 
facturer can put into job, the greater percentage of, profit, 
and that, :addition, will. produce more sightly 
paints, probably good bought under ordinary 
specifications, such lead, and some,form 
matters now would seem every engineer 
each different yariety paint. necessity, the bridge 
manufacturer must, somewhat larger quantity 
actually required for each particular structure, with the result the 
paint shop has the appearance containing 
strongly, condemned. by, all, the will 
not remain fit for use long, are, to, 


Years similar condition regarding 


serviceable the. owner, without, undue cost, 
wished”. 


certain hold the large the members 
the Society, for all are looking for more information. The 
selected the author for consideration, and also because his failure 
cite from own wide experience paint 
formances from which might in’ forming 
own conclusions. 

The writer would like add the following notes from his 

For several years red lead paint was specified 
structural steelwork for buildings, the example many 
Government specifications. When inspecting the work 
done under practical conditions, the paint was.found 
less There, was decided for the 
ordinary paint laborers never stirred the with sufficient frequency 
number pounds of, lead oil. There are 
might easily be, substituted for one perhaps— 
without subsequent writer has seen 
paint, note, “One though the original, speci- 
fication had elaborate. specifications, be, reduced 
for. Another point seems detrimental the lead 
the that its color soon becomes dull after, exposure, without 
regard the coats applied. 

account their and also of, the con- 
arguments advanced the manufacturers pure 


Mr. 
Belcher. 


Belcher. 


and was tried out with good: results; and 

The preparation ground red lead ‘in oil not 
appear new, one the large manufacturers 
submitted the writer about three preparation 
which, memory serves correctly, small quantity 


Mr. 
Sabin. 


This material submitted connection with study the 
gas-holder paint. One manufacturer, samples 
that, offered Red” which was recommended 
fill every. possible requirement, although, the description its manu- 
facture very Investigation the fact that the 
manufacturers little certain the desired ingredients 
gas-holder paint: writer was, and, consequently, they put 
little everything, including old house-paints, surplus paint stock, 
mixture. 

The firm believer, the theories Messrs. Cushman 
and Gardner regard the, corrosion steel; the same 
time agree fully. with Sabin that impos- 
sible for engineer use them their present guide for 


particular combination oils and has beén way dis- 
these thedries and The ‘remarks 


limited 


proper. correct misstatements facts. Mr. Gardner ‘questions 
the statements made the Havre Grace Bridge’ 
true that the first published the percentage silicates, 


Paint No. was too low, correction was made the time 


which was one analysis, but the same 
laboratory other ‘analyses paint showing 6.8, 
Mr. Gardner 


vit 


been made, are those the American for Testing Materials, 


the matter. the first place, objects the statement 
tests were the American Testing The 
plates were selected: and cleaned, the designed, 
theirs; and the way which. Society was mixed the 
matter. was accepting invitation the the tests 
which nothing except what the owners saw fit tell them. 
Aecording to, these. tests show that. important 
ordinary painter, gave, compared with the complex 
paints: made the people who designed the 
general be, in; the pigments, which 

are too used, especially the. lead, which 

competent may the imspecting opinion 
the New York Central Railroad, and Mr. Voorhees the Bureau 


Am. Soc. for Testing Materials, Vol. VIII, Plates I to III. 


Mr. 
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Voorhees, who had been Chairman the Committee on, Protective 
were condition, than those the paint 
manufacturers’ after years. 

ments. says that “every one these red leads [on the Havre 
Grace was coated over with carbon paint”. According 
the analyses, referred the pigments Paints 
says that his own paint was No. was used 
only two coats, all the others having three. The tables just ‘referred 

What differentiates these paints all others under 
tion the fact. while all the other: paints except one furnish their 


best protection, such is, under the 600 rate spreading 
and are generally markedly Jess effective under the thinner film 
tion equally protective under 


disposes Mr. Toch’s statement that the report “describes 
“every paint chemist knows that are some ted 
would changed has ever seen any. 

the electrolytic theory the the lead 
believes that read everything Cushman has written 


Proceedings, Soc. for Testing Materials, Vol. 


theory with which, however useful practical 
the uncombined with the rest ‘the 
always appeared pure-water theory corrosion 
was, doubtful practical, view! fact that 
Whitney, never, proposed, by. him. 

many Such them; and perhaps 
Cushman, attempted..to apply. knowledge -to the 
can give that not appear be. Mr. 
sense and that the solid particles: 
which, all intents, solution solidified oil, the 


Journal, Chemical Soc.. 1908, pp. Whitney and Am. Boe. for 


De 
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paints, were removed from the Grace Bridge, 
in., arid been exposed ‘to the moist salt air from Delawate 
writer thinks this proves that paint, properly keeps out 
air and water; and, remains intact, the metal; 
pigments; soluble sulphate acts to’ 
ducting through film, and perhaps’ itself; 
greater attraction between the pigments and the oil; 
this respect the differences’ are great characteristic. illus- 
trate that one end small glass tube 
face tension and attraction. exactly similar’ some pigments 
the water, which runs off the leaving the lead and oil, almost, free 
from Red lead may somewhat: 


Proceedings, Am. Soc. for Testing Materials, Vol. XI, pp. 175-180. 
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proper pigments differ greatly this attraction 
illustration: common among ‘all’ ‘and 

leads the consideration that the paste body than 
viscous one, and the function. the stick the solid 
particles together, which the oil does better than the turpentine, 
the surface attraction which for the but, when 
more oil has been added, make paint, but 
similar way part the advantage proper cleaning 
steel before painting. known any oil, easily 
wets iron and steel, spreads oyer surface, 
difficulty; the fouled with anything which .does not 
attract the oil, the latter brushed out, into very, 
paint films are very break and leave or, pores, 
which the atmospheric, agencies 

If, now, the pigment one which surface 
quality (if counterbalancing defects) good; proteetive 
paint, for makes continuous film. the attraction 
the pigment, and the slight, the, less, 
oil are likely tightly cemented into the mass and form 
element strength, rather than and if, addition, 
the pigment one which shows very little, negative, at: 
action. 


Sabin. 


Mr. 


Sabin. 


for metal should. contain, pigments will tend rather 
with. writer’s opinion, could not, possibly 
renders them making good films, and the 
for this direction, than his favorite 

and especially red oil, adhere iron and steel better 
than others. the mixture the vehicle 
particles, the case ‘really fine pigment, there 
thickness (this supposes them 0.00001 in. diameter, which 
the’ truth), ‘it may believed that the ‘action such 

Mr. Carpenter’s discussion interesting ‘atid valuable, Table 
paint used series than the first (owing 
30% three cases out five the working quality the 
surface than mixture, the fact worth and should 

The relative fineness was the weight 
safe method. very fine ted lead, after being’ packed 
barrel the way and then sifted' make 
and open, will ‘weigh the cubic ‘inch 
did before béing and probable that the depends 
this, again, may depend their condition, shape particles 
which they are made, some which crystalline), and many 
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the writer the best-known results 
that not regarded the writer entitled eonsideration. 
but, general, the the material the higher oxidation. 

satisfactory results: should not that, Havre 
Grace tests, two the red leads were fairly 
high grade, ‘and ‘were furnished some the largest arid most éxperi- 
these desired make the best possible and therefore that 
they had évidence, ‘this was the material 

why should denied ‘adopting theory any ‘more than 
consideration; has successfully ‘served purpose 
meet; for all agree that more than half the battle getting the paint 
applied clean surface smooth and uniform coating; smooth, 
because resistance wear much increased the absence ridges, 
lumps, and grains the surface, and uniform, because thick masses 
paint are waste, and thin places are weak. Mr. Coombs puts it, 
man with paint better than man with paint. Now 
the whole history the improvement red lead paint has been 
this nature: please the consumer, has been made continually 
finer texture, free from roughness and disposition run, 
and lower litharge, less active oil and therefore more 
manageable. Tendency settle not much matter specific 
gravity, but caused coarseness; paint settles less than white 
zine and white lead, which are very heavy but very fine; and paint 
more refractory its general behavior than low-grade, red-lead 
paint which has begun get thick and viscid. accords, then, with 
general experience, that red lead which consists entirely impalpably 


My, 
Sabin. 


has, will, easily smooth and, uniform and 

The painter tries all to. give 

conclusion, the would the charge, made 
Mr, Cushman and his associates the paint manufacturers’ 
tection of, steel, and, further investigation 
anything essentially about. it, whateyer else: says, likely 
to. be, neglected. This fact, that, known, 
any. important manufacture, and fact 
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No. 1301 


SURVEYS 
MADE THE AMERICAN SECTION 
INTERNATIONAL BOUNDARY COMMISSION. 
UNITED STATES AND 


CTION. 


During the 1910- the International Com- 
mission between the United States and Mexico, of, whieh 
Consulting Engineer for the United States and Mr. Zayas for 
Mexico, made survey the Rio Grande from Roma the Gulf 
fixed points, and show, within -rea- 
sonable limits, the location the topographical features, 
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the limit ordinary overflow and also, approximately, the margin 
the erosive area the river. These escarpments were from less 
tically the area them has been some time, may 
the future, the bed the river. There were hills suitable 
river was, for the the way,’ the bench above the 
limit overflow “There was thick brush and 
three-fourths the area surveyed. 

was the purpose ,the, all old channels and 
breaks the surface between the two escarpments, including, 
course, the river, with, its high and all roads, towns, 
ranches, dite es, railroads, both 
together with sufficient locate meter con- 

“bancos.” Around the Commission, various times, has 
traverses which mark, approximately, the center the old chan- 
nel abandoned, the riyer when cut off These trayerses 
form property between the owner of, the. 
adjoining mainland proprietors. Their corners are marked sub- 
stantial timber posts, and there has been built each con- 
crete monument which the traverse tied. All this work has been 


greater the was the main wagon road. intervals 

Second: From this line spurs were run’ ‘monuments 
the 


Stadia traverses ‘were starting from, on, 
point, from stadia hubs ‘which had 
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elevation each reférence point was 

levels were run jointly the 

possibly only the river through the neck near 569, 
escarpment before mentioned. important besides 
siderable clay and semi-arid growth, such 
other thorny trées 
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fully American section had five transit 
two transit: party laid out and measured 
verses which had not been run, one took stadia ‘with 


river topography hubs, and took rough cross-sections of: the river bed 

working ‘at night, platted, latitude and departure, the precise points; 
had been run day. Another draftsman, working 
the day, platted the topography fast the 
this way, close check. was kept the work which was being done. 
omission topographical features was 

survey and map were controlled the precise 
for each 100 easting, measured from center center 
This ‘is the the divergence parallel latitude from 
them. course, this did not make correct map, but 
resented the surface being ‘plane: 

sary have such system marking instrument points and 
ing notes would rest The scheme 
adopted 

.consecutively from .This line was double-chained, 
after the corrected for easting. 

The ties banco monuments were marked: 


LEGEND 
Traverse Bancos 
Tie “B” Line 
———— Btadia Lines 


« 


A- 

San Pedro Ranch 


San Ranch 


; \ N I T E 
; \ D 
/ \ = nile T 
~ 


A- 
141784.8 


EL-14.06 


San 


a =x \ 


PLATE 
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Carmen Ranch 


Ysidro Ranch 


SECTION OF THE 
MAP THE LOWER RIO GRANDE 


SCALE OF METERS 


\ 
R-1911 
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tive numbers from These lines were double-chained, the angles 
repeated, and latitudes and departures computed 

Auxiliary closed traverse lines around any the new bancos 
were marked “C,” with consecutive numbers from these were 
closed lines, they were chained only once and the angles were 
measured only once, although they were sometimes repeated. The 
latitudes and departures were computed camp. 

the traverses all bancos had been chained, tied 
the permanent monument, and computed, when man the field 
found banco corner hub with witness stake marked 
knew that had point having known latitude and departure, 
and that could tie it. also knew that the azimuth the 
line, whatever was, was known within minute, that could 
check his azimuth. 

the topographical work, every shot was given number, 
whether was side shot hub. The river stakes were 
marked “R”, the Texas stakes “T”, and the Mexican ones the 
river were assigned the numbers the Texas stakes, from 
man used the numbers assigned him, started over again. 
Surveys for taking the topography new bancos used numbers from 
10001 up. followed, therefore, that the number the stake, even 
without the letter, showed what line was on. 

recording instrument points, the original number marked 
the stake was always used, matter how many other lines ran 
that point. This prevented confusion, and when non-consecutive 
number appeared the notes, always drew attention the fact 
that tie some sort some previously located point had been 
made. The rule was followed rigidly, especially when tying 
points set the Mexican Section. 


The first questions which engineer asks when looking over any 
work engineering nature, are: What methods were used, what 
results were obtained, and what was the unit cost the work? The 
two questions can fully answered. separate accounts 
were kept the different kinds work, only approximate answer 
ean given the last. 


i 

q 
q 
i 
4 
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all the work, joint and otherwise, was constantly borne 
mind that reasonable degree accuracy was desideratum, but 
that refinements should introduced which would add greatly 
the cost without increasing the practical value the work. 
the following discussion, the deviation this respect from the methods 
sometimes used are fully set: forth. 

For convenience ready reference, the limits error which 
was attempted work, are given: 

Precise should not more than are error. 
Distances should not differ more than 20000, mm. the 
100 

Tie Lines should check within 20” are. 
(They really checked much closer than this.) Distances should not 
differ more than 10000. 

Primary should check within 


distance, miles, between benches. 


Stadia definite limit was specified, but, whenever 
platted closure was large indicate error reading dis- 
tances, the line was re-run. Roughly, the allowable error platting 
was the 1000. Azimuth should check within are. 


Precise 


The purpose the precise line was furnish base which 
all stadia lines could tied, and determine the relative position 
the reference points and permanent monuments. was the inten- 
tion make the precise work accurate that would take the 
place what would secondary triangulation. There 
was attempt extreme accuracy, but care was taken obtain 
uniform work, and the best result engineer’s ordi- 
nary No. transit. 

The country was peculiarly fitted for chaining, being usually 
level and smooth floor. This seen from the fact that, out 


411 courses, only was necessary make corrections for por- 
tions the line for differences 

The party the precise line consisted transitman and two 
chainmen, and several laborers who acted flagmen and axemen. 
The instrument used was ordinary Buff and Berger No. tran- 
sit, made 1885, with the plate graduated 20’ and the verniers 
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reading 20” are. This instrument had been ordinary use 
for years, and had been returned the makers once for over- 
hauling. Roe, 100-m. tape was used: was graduated meters, 
with end meters tenths. small piece old steel tape was also car- 
ried, order read fractions meter. thermometer 
wooden case was ‘used for taking temperatures. The chain 
lengths were marked steel pins ‘in. diameter. tape 
was supported throughout, that is, laid smoothly ground. The 
sight poles were ordinary 8-ft. transit rods. Another 100-m., Roe 
tape was kept camp and used standard. With the tapes 
use both sections the Commission were compared frequently. 

The programme work was about follows: The two chain- 
men, under the direction the transitman, with three four axe- 
men, would ahead and lay out the line. They usually followed 
the main road. This was sometimes quite crooked, with dense thorny 
undergrowth each side, and required considerable experiment- 
ing get the transit points places such that the brush-cutting 
would minimum and with the proper distance 
100 more between points. effort was made obtain very 
long sights, was found that the boiling the air was likely 
great that the transit rods could not séen. Only few 
sights were taken which were more than 1000 long; the average 
length was 584 When the chainmen had ranged line and 
cut away enough brush obtain sight, hub, about in. 
diameter and long could forced into the hard ground without 
brooming, was driven flush with the surface and 
tack was put its center, witness stake and three guy stakes were 
driven, and the witness stake was marked with the consecutive num- 
ber. The line was given the letter and the stakes were marked 
consecutively. was the main road near No. miles 
above Rio Grande City. From there the numbers ran toward Roma 
until A-26 was set. junction with the Mexican line was 
made their Z-410 stake, and their numbers were used into Roma 
where Z-399 was found, from which “E” was set. 

A-27 was set toward Rio Grande City from No. and 
was from A-385 that No. was set the shore the Gulf. 

Starting from “E”, there were courses A-26; from 
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the Gulf there were 373 courses, total 411 courses all.. The 
reason that the number courses exceeds the points marked 
that the reference points and one hub set the Mexicans and 
marked M-11 were used angle points the line, and that four 
numbers were used spur lines reference points. The usual 
rule was followed giving hub only one number, and that the one 

After km. line had been located, the axemen were left 
finish the clearing, which was done with great care that the tape 
would lie smooth and straight, and the chainmen started measure 
with the tape and steel pins (the surveyor’s ordinary number). 
There were long leather thongs each end the chain for holding 
it. The head chainman carried the forward chaining book, spring 
balance, and thermometer, When full chain was reached, the ther- 
mometer was laid the ground face up, the sun, were shining, 
that the temperature would the same that which the tape 
was. exposed. The tape was pulled strain held 
there until the rear chainman, who was centering the over 
the tack, “all right”. The pin was then stuck, the tape eased 
off and then pulled again, and the position the pin checked. The 
head chainman then entered the chain length and the temperature 
his book. When the next hub was reached, pin was the full 
meter, and the meters were read. Then the two chainmen changed 
places, and the plus was read again. The fractional meter was read 
piece Chesterman steel tape, the number entries the book 
were verified counting the pins, these were again bunched, and 
new course was started. 

The notes read follows: 

219 100 82° 
100 83° 0.04259 


100 83° 311.66659 


The work the right the foregoing was done the transit- 
man, and was the reduction 62°, with coefficient 0.0000065 per 
degree. This reduction was here plus, and for 83° 62° degrees. 
The tape was standard degrees. 
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run made for half day. Then the forward chaining 
book was given the transitman, and the backward one obtained; 
then the measurements were made again, the opposite direction. 
The notes for the foregoing course then read: 

0.05273 


88° 


The correction for temperature this case was for degrees. 
The mean the two measurements was 311.66966, and the difference 
between the two was 0.00614. the allowable difference was 0.016 
mm. per 100 m.), the chaining checked, and the adopted distance 

not assumed that chaining can done five decimals, but 
they were used simply for convenience computing the correction for 
temperature. The chaining was actually done millimeters, but the 
adopted distances were only carried centimeters. The writer does 
not approve recording the results any work figures which 
indicate accuracy beyond that which the actual ‘working conditions 
will give. 


This chaining approximates quite closely accuracy that done 


measuring secondary bases, where customary use some 
mechanical arrangement, such lever, hold the end the chain 
firmly and perfectly still. Better work should result from such 
appliance, but its use consumes time. appeared that results 
ciently accurate could obtained without it, and none used. 

Elongation Polaris—The elongation Polaris was usually taken 
each camp, these being from miles apart. azimuths 
the stadia lines were checked these elongations and also that the 
precise line, the latter were near enough. the was always 
the river, houseboats handled gasoline launch, sometimes 
happened that was mile two from the precise line. that case, 
taken from “A” hub, the azimuth the pre- 
cise line was not checked until the next was reached. 

elongation taken, point for the hub was 
chosen and line about 100 long was cleared along the proper 
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azimuth, Some.15 min, before the computed time, the transit 
carefully set and leveled, pointed the polar star, and clamped, 
The star was followed until was seen that had nearly reached 
its elongation. Then hub was driven, and chaining pin (with 
sheet white paper back and light back that) was held 
the hub. The cross-wires the transit were illuminated the light 
candle tin can directed piece white paper with 
hole the center, which was fastened rubber band the shade 
the object glass. The transit was again turned the star and kept 
there until the latter was seen drop (or rise) along the wire. Then 
line for tack was given, the pin; the transit was reversed 
set again the star and another point set the hub, and the tack 
was put half way between the two. For the whole time the survey 
the bearing the elongation was assumed 18’ (azimuth, 358° 
42’ for western elongation and 18’ for eastern). 

the writer’s opinion, more accurate results can obtained 
this way than observing Polaris any time, referring some 
hub previously set reading the plates, and then computing. the 
azimuth the.line from the transit the hub. two principal 
objections this latter method are, the uncertainty which may exist 
the exact time the observations and, more important still, 
the use light around the transit for reading the verniers. Where 
there light there heat, and the heat expands one side the transit, 
thus affecting the verniers. Both methods have been tried, with the 
invariable result the observation the elongation was the more 
accurate. 

ANGLES. 


The transitman worked ahead behind the chainmen, which- 
ever was more convenient. had two flagmen, each equipped with 
8-ft. transit rod having three guy wires it, and plumb-bob. 
The rod was set hub, guyed the stakes before mentioned, and 
plumbed. was found that, with his hands, could not. hold 
rod firmly that the angles read would check within the de- 
sired limit. 

Starting hub from which the elongation had been 
observed, the transitman set his left-hand “A” vernier read zero, 
and read the right “B” for seconds, recording both 
then. noted which side the traverse line was the angle which 
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was less than 180°, and set his instrument the 
clamped the plate, and turned the right-hand stake; then read 
and recorded vernier “A”, simply check the later Un- 
clamping the lower plate, turned the left-hand point and ac- 
cumulated the angle twice the plate; then the 
telescope the angle three times more, read and re- 
corded both verniers, observed whether his line sight was still 
pointing the right-hand rod, and, not, set back with the lower 
slow-motion screw, swept the outside angle erected the 
telescope, and swept three times more, ending with the instrument 
pointing the left-hand hub. then carefully read and recorded 
both verniers. there had been slip the instrument and his 
pointings had his verniers would read the same the 
close the beginning. 
The following shows the notes the angle A-219: 


Left-Hand Page. 


Instrument. Mean. 
Inst. A-219 00” 00” 
39’ 30” 
00’ 20” 00’ 


Needle 86° 05’ 


Right-Hand Page. 
25° 39’ 30” 124° 16’ 35” 124° 16’ 33.4” 
50” 55° 43’ 28.3” 55° 26.6” 


180° 03.3” 
Az, 219-220 85° 58’ 23.5” 


The entry, 218-220, shows that 218 was first sighted to, and that 
the deflection 219 was the north, that is, 218 the left-hand point, 
and the transit swings the north and east reaching 220. 

The 124° 16’ 40” the first reading the angle. 

the end the six accumulations, the verniers both read 25° 
and the close they both read 00’ 20”. they had read differently 
—as 00’ 00” and 00’ the start any other place, then another 
column mean readings would have shown, as, for the foregoing, 
00’ 05”. The notes this point are recorded the left-hand page 
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the notebook and comprise the record the field work. The rest are 
the right-hand page, and constitute the reduction. 

the verniers both read the start, the 25° 30” carried 
across the true reading the summation the six repetitions 
the angle. Subtracting this from 360° 00’ 20” gives 334° 20’ 50” 
the true accumulation the exterior angle. Dividing each and 
adding the first the necessary full revolutions 360° (in this case 
order give the proper angle 124°, there results the two angles 
given. The last one really 180° less than was measured, but, for 
purposes reduction, the deflection angle which wanted, 
which the above amount (180°) less than the exterior angle. The 
sum these two measured angles 03.3” excess 180°, and shows 
the instrumental slip error pointing. This divided equally 
between the two angles, and the deflection angle 219 thus deter- 
mined be, 55° 26.6” the left, north. 

The computed azimuth from 218 219 was 141° 41’ 50.1”, that, 
subtracting the deflection 219 from this, the azimuth, 219-220, 
85° 58’ 

This azimuth not corrected for easting nor for instrumental 
error. The former depends the distance from A-204, where the 
last elongation was taken, and the latter was found be, A-222, 
where the next star hub was set, 24.9” too large angles, 
01.3” per angle. The final true azimuth this course was found 
86° 00’ 04”. 

Each night the notes angles measured during the day, together 
with the distances, were given the computer, who calculated the 
eastings and thus corrected the azimuths and made table 
preliminary locations from “E” all points, that they 
could platted the map. When the tied through 
Polaris, and the azimuths were corrected for instrumental error, the 
final latitudes and departures were computed. The preliminary 
figures were never error much m., or, they were close 
they could platted. course, they were corrected and started 
right whenever elongation was taken. 

Accuracy Angular Work.—Table gives the whole line from 
Roma the Gulf, and shows the corrections used. The run from 
A-144 A-180 was rejected, and the azimuths the Mexican Sec- 
tion were used, but included here show the actual results 
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the season’s work. The total number angles exceeds the courses 
given for the line, because several elongations were taken spur 
lines reference points, and these angles were counted making 


the correction well the angle each star. Elongations were 
taken from the points given Columns and 


TABLE 1.—INSTRUMENTAL ERRORS PRECISE LINE. 


(3) (4) (6) 


Number of | Error per Remarks 


star. Closing error. angles. angle. 


Table shows that the average instrumental error, turning 439 
angles, was 01.62” per angle, or, rejecting the run from 
A-180, the average was 01.51” per angle for 402 angles. This does 
not mean that, with 6-in. plate, reading each angle can 
read with certainty this degree accuracy, but that the aver- 
age error can be, and was, brought down this small amount. 
requires great handling the instrument and great care 
pointing. The weather conditions also affect the work, but the lat- 
ter was continued heat and wind just long the rod could 
seen man could stand the instrument. The orders were 
keep with the outfit, and every man was trying make the 
others the keeping up. 


(1) 
Star. 
01.6” 
52.8” 01.62” 
Rejecting A-144 A-180 
05.1” 402 01.51” 
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The signs Table show the transitman’s per- 
sonal equation. nearly always had too large azimuth. When- 
ever failed close within the limit, his azimuth was invariably 
too large. 

The writer does not know that any precise line work similar 
this has been done elsewhere. Triangulation has generally been used 


for the exact location points. With expert instrumentman, 


the limit per angle permissible, but extremely difficult 
for ordinary man, however careful may be, keep within this 
limit, and would advisable raise 3”. the spring 
1913, the writer had miles similar work done the Paso 
Valley the Rio Grande. The same transit was used, but with 
another man handling it, who was allowed per angle for instru- 
mental error. His average error 234 angles divided into runs 
was 1.85”. His best run showed closure 1.13” per angle for 
angles and his worst, 3.20” per angle for angles. 

Table gives the sum the forward chaining distances (from 
hub hub) between star points, the sum the backward chainings, 
the sums the differences between adjacent hubs and their arith- 
metical sums, and the ratio error deduced from these, 
the algebraic sums errors and the resulting ratios, and the 
algebraic sum the total errors with its ratio. 

Table shows that the line was broken into nineteen runs 
with lengths varying from 5600 22700 m., and averaging 
600 m.; also shows that the number courses into which each 
run was broken angle points varies from 87, the total being 
411. When the forward chaining between adjacent hubs was larger 
than the backward, was called plus, reverse 
was called minus. These were summated and entered Table 
sum differences, plus, minus, and total, the latter being the arith- 
metic sum the plus and minus sums. The ratio error was 
found dividing the distance the total These ratios 
run from 44000 184000, and the average for the whole 
line 91000. Not single course was omitted, although 
checking the work the office, one was found which exceeded the 
allowed limit 20000. was from A-180 A-181, the dis- 
tance being 752 and the difference, 0.068 m., 11000. All 
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TABLE 2.—ERRORS MEASURING PRECISE LINE. 


Station. station. Forward. 
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760.415 
219.270 
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other measurements checked. within the limit. This ratio 
actual ratio, without any chance for compensating errors, 
except such may occur between the individual chain lengths. 
Each distance between hubs formed run itself, and its error 
closure counted. 

matter curiosity, there shown Table the algebraic 
sums the differences each run, with the resulting ratios and 
the final algebraic sum (0.686 239 km.), with its ratio 
349000. This the total net difference between the forward and 
backward measurements. the mean half way between, either 
line variés only from the mean for. the whole distance from 
Roma Gulf. This, however, interesting only showing 
how errors work carefully done are likely balance. The true 
difference between the two measurements 91000, the vari- 

should understood that this chaining was done the regu- 
lar day’s work, with arrangement for holding the tape still over 
the usually done. Chaining pins were used, instead 
hubs with plates and hair lines, sometimes the practice. 


Between the beginning‘and end the survey about 110 working 
days intervened. Several baneo ties were made the precise line 
party, probably days being used that, thus leaving 100 days 
for precise line work. About one-third this time was spent 
the chainmen locating line, and several days were also spent 
re-chaining which did not check within the limit. There 
remained about days which distance 150 miles was chained 
twice, or, the rate chaining was miles per day from 
hours’ actual work. The whole work chaining and recording was 
done the two chainmen, with assistance except, perhaps, 
axeman who carried their water canteens, lunch bucket, coats, 

the transitman measured many his angles second, and 
sometimes third time, hard give his rate progress. 
probably could. measure angles ordinary day’s 
work. Fifteen angles per day fast work for expert. 
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was desirable have moderately accurate line levels from 
Roma the Gulf. There was occasion for line what scien- 
tists would call levels, run with great sensi- 
tiveness, shaded from the sun, with three wires read, two rods, 
and rodmen with levels their rods, ete. was decided 
obtain the best possible results from engineer’s ordinary 18-in. 
Wye-level and target rod held nail heads round-topped pegs, 
each reading, and read millimeters. .There 
ing unusual about this level work. The line was run the ordi- 


nary way, that is, run forward mile was made and 
checked back. Then the mean height the point ahead was com- 
puted and, using it, another mile was run, etc. The limit error 
benches was 


0.01 distance, between benches. 
Table shows the results this leveling. 


TABLE ERRORS PRIMARY LEVELS. 


(2) (3) (4) (6) 


Closing error, Distance, 


0.0114 


Remembering that the allowable coefficient error 0.0100, 
examination Column shows that all the separate runs excepting 
were within the required limit, but that the total was little 
outside the limit. The net error was 0.140 m., the allowable would 
have been 0.122, or, the line whole exceeded the allowed limit 
mm. 

will noted, however, that other combinations can made 
which will show larger errors. Table was compiled show these, 


1005 
| 


1006 TOPOGRAPHICAL SURVEYS 


the quantities being taken from Table Column shows that two 
runs, namely, from R.P-13 R.P-22 and from R.P-45 R.P-55, 
exceeded the limit, the first mm. and the second 


TABLE ERRORS PRIMARY 


(2) (3) (4) (6) 


Closing error, Distance, 


Coefficient. 


—0.012 
—0.052 


Table shows the line broken into four approximately equal 
and all except the last, which from R.P-45 R.P-55, are within 


the limit. 
TABLE 


(4) (6) 


Closing error. Distance, 


hardly fair this work compare with precise level 
work, because the latter done with much greater care. The 
following comparison, however, given. 

Johnson’s “Surveying” gives the following limits error—all 
meters and kilometers. The equivalent 


0.01 distance miles 0.008 distance kilometers. 
Coast and Geodetic Survey... 


will seen that this line levels meets the requirements 
the Lake Survey, but not. those the other two. Although the dif- 
ference between coefficient mm. and one mm. small, 
the indicated precision much greater with the smaller coefficients, 
and necessitates finer instrument and more delicate manipulation. 


| } | 
0.0105 
From: To: 
— 0.003 38.2 6.18 0.0005 
ed — 0.043 42.8 6.54 0.0066 
— 0.085 39.0 6.24 0.0056 
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paper entitled Officers the United States 
Geological Suryey, stated that when precise lines are 
run, the case under consideration, the error allowed the 
Geological Survey 0.02 ft. \/2D miles. This coefficient 
equals 0,007 

Table this applied the three worst runs, namely, R.P-13- 
22, R.P-45-55 and 


TABLE 6.—COMPARISON PRIMARY LEVELS. 


(2) (3) (6) 


To: Closing Twice the 


meters. Coefficient. 


Table shows that the work nearly met the requirements the 
Geological Survey for precise levels, run with high-grade instruments, 
umbrellas, 

Rate spur lines reference points away 
from the precise line, the primary levels covered double run about 
155 miles, 310 miles single line. The leveler worked half the 
this line and half the time the river. Two three days 
were used going back check out error, that, there 
having been 110 working days during the survey, days were 
devoted the primary leveling. The rate progress seen have 
been miles single line per day. 


is, the writer’s belief that too many refinements are 
usually applied stadia work, and that they give factitious 
value without adding anything the accuracy the results. Thus, 
rod levels are used keep the rods plumb; the stadia interyal 
determined with great nicety for each instrument and each observer; 
rating table made which involves and usually car- 
ried centimeters; stadia readings are reduced this table, thus 
running all distances into giving the work 
appearance accuracy which does not exist. 


* Transactions, Am. Soe, C. E., Vol. LIV, Part B, p. 426. 


From: 
P-22....... —0.052 49.4 7.08 0.0074 
—0.059 58.6 7.65 0.0077 
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Believing that these refinements are waste time, with 
corresponding valuable result, but that steady, careful instrument 
work, disregarding and, case the stadia interval checks out 
close unity measured base, using stadia readings direct, with- 
out reduction tables, would give just good results, all the stadia 
work this survey was done this way. The following discussion 
shows the results. 

The principal part the survey work was the taking topog- 
raphy stadia. Three parties were this portion the survey 
from start One was charged with the river and much 
the adjoining country could reached conveniently. The sec- 
ond devoted its time the Texas side the river and the third 
the Mexican side. The work was platted the map soon 
possible after being taken, that running track was kept the areas 
not covered. They were examined, and, anything importance 
was found, line was run it. About 375 sq. miles country were 
covered the three parties. Altogether, 37000 shots were taken, 
locating, azimuth, distance, and elevation, that many points 
the ground. addition these, some 9000 shots were taken 
former surveys bancos, which were platted the map, that 
000 points were located stadia, average 123 shots (includ- 
ing transit points) per sq. mile. There were 4900 hubs set, 
per sq. mile. 

Each stadia party consisted topographer, who handled the 
transit, recorded the notes, and made his sketches; American 
rodman who usually kept ahead, choosing places for transit points, 
and keeping eye the stadia men; rear flagman, two three 
stadia men, and many axemen were needed. the river line, 
skiffman was also used. The native labor the country was used 
for flag, stadia and axemen. Few could speak English, although 
many them were born the United States, had been their 
ancestors for generations. 

The instruments consisted transit and three four stadia 
rods. No. transits were used, one reading 20” and two 30”. 
All had fixed stadia wires which were set the makers subtend 
distance 100 Careful tests base lines measured 
with steel tape, showed that the setting the wires was practically 


+ 
af 
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exact. The writer considers adjustable stadia wires “delusion and 
snare,” and would not use them under any 

The stadia rods were white sugar pine, with iron shoe 
the bottom, and were the following dimensions: 4.55 (14 ft. 
in.) long; bottom, 2.5 em. (34 in.); 
and top 1.6 em. in.). They were 
graduated and painted shown Fig. The 
figures were high and were centered over 
the decimeter marks. Notches were painted 
mark the decimeter the ones and sevens. Red 
was used mark the full meters and one-half 
the diamond the half meters was also red. 

the latter color might become indistinguish- 

able from black distances, when the light 

was bad, the form the diamond was varied 

the meter and half-meter, that they might 

and light these rods could read with certainty PAINTING 
centimeters distance from 200 300 Red 
Beyond that distance the readings were un- 
certain. 


STADIA 
was formerly the rule graduate stadia 


rods fit each instrument, should noted ROD 
that these rods were graduated meters and 
were interchangeable between 
parties. 

The face this rod was badly exposed 
that the figures wore off quickly, and was also 
limber and hard keep from warping. would 
greatly improved screwing the edges }-in. 
strips hard wood which would project in. 
beyond the face. 

Programme Work.—Starting from point, 
the which was known and where 
accurate azimuth could had, that is, from “A” “B” hubs, 
from banco corners, or, for want something better, from stadia 
hubs closed traverse, the topographer ran traverse which 
closed another fixed point point another stadia traverse 
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which had been closed. Azimuths were read from the north 
around the right, 90° for east, 180° for south, 270° for west, and 
360° for north again. The programme was follows: 

The topographer set his instrument over the point, read and 
recorded the height the axis the telescope above the top the 
hub,.computed the back azimuth the point wished. 
adding 180° its forward azimuth, which had been read 
the limit the instrument, set his vernier read this azimuth, 
and back-sighted, with his telescope erect, the edge stadia 
was being centered nearly possible over the tack 
the back hub. then signaled the rear flagman, who turned 
the rod the instrument. The topographer then read 
the level reading the back-sight, and the distance, 
his plate, and was ready take topography. The river 
with for his first hub, and gave each shot consecu- 
tive number. usually had three stadia rods, sometimes four, 
working, and kept them all going. When rod came turned 
his instrument it, read the level (the telescope was kept level all 
the time possible), turned the micrometer screw until the lower 
wire caught full meter mark, read the upper wire, mentally deduct- 
reading the lower wire, turned the micrometer back until 
the wire read the level reading, that the telescope was 
level, entered his book the level and stadia readings, waved 
the stadia man all right, which released him, and then read and 
his azimuth. The level reading was taken 
thé stadia centimeters, and the azimuth the nearest 10’, except 
very long sights, when was read For 
platting, one side the river was given from six eight. consecutive 
numbers, and then the other side the same, but the readings were 
rod came up. 

When the readings were all taken far the transitman could 
see, the rodman located hub and put tack it, signaling for 
The topographer set his back the back. azimuth, 
noted whether not the transit had settled, re-leveled had, and 
sighted the back rod, which, before, was being held over the 
tack, and then, turning ahead, read and recorded the azimuth the 
new hub. The head rodman then turned his rod, and the level and 
stadia were read, and recorded. this way levels and distances 


TOPOGRAPHICAL SURVEYS 1011 


were twice all turning. forward and once back- 
ward, 

The stadia was read direct, that is, the, lower wire was placed, 
possible, even meter mark, and the intercept between and 
the upper wire was read. Sometimes specified that, turning 
points, the lower, middle, and upper wires shall read and recorded, 
and then the intercept computed. claimed that this, eliminates 
the danger errors. This quite true, but also eliminates time 
extent that retards the progress party. 


River Boor. 


Azimuth. Az. Stadia. 


Ete. 


Cor,.2 © 54° 37° 


River Book No. 10, page 19.) 


When the above record was made, the topographer went ahead 
the new point, made his sketch, set up, and repeated the operations. 


| 
98° 1.75 0.80 20.0 
115° 1.28 0.60 20.2 
400 54° 1.12 1.00 19.8 
41° 1.18 0.80 20.0 
340° 0.40 2.80 18.0 
4.00 
| 
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The notes were kept books especially made for this work, with 
wider pages than usual. The notes ran the page. the previous 
page there sample the notes the left-hand page book. 
the right hand were made the sketches and such entries, the form 
remarks, were deemed necessary. shot numbers, being between 
and 5000, show that this was the river. 

The notes the right-hand page showed that the “Cor! tied 
was Cor. No. Palma Banco No. 25. happened that 
this point the azimuths were, for some reason, 
The elevations underscored thus, 19.28, were those the hubs, and 
were obtained the leveler. The entries the elevation column 
enclosed circles the height above 
the hub, and the entries the sixth column were the height 
instrument above datum. course, 
the right-hand page showed where all these readings were taken. This 
was ordinary set-up for the river, regards number shots, 
but, the side lines, fewer shots were taken from each hub, and some- 
times brush had cut for each shot, that progress was slow. 

Every night the stadia hubs set during the day were platted 
the map, and line ran closure and closed within reasonable 
limit, the liné was adjusted graphically. The error allowed depended 
the length the traverse, but roughly, was about per km. 
the error was more than that, the line was usually re-run the field. 
error azimuth more than developed the field closure, 
the line was re-run. Probably dozen re-runnings were made during 
the winter’s which shows that the topographers were careful with 
their work. 

Use and Abuse use stadia taking topography 
has come into vogue comparatively recent years. was used ex- 
tensively the re-survey the United States-Mexico boundary west 
Paso, 1892 and 1893. All the topography which the present 
Boundary Commission has taken has been with the stadia, 
formerly the custom use rod levels the rods, determine and fre- 
quently check “stadia interval” for each instrument and each man, 
take into account the focal distance plus the distance the object 
glass from the axis the telescope which, the small transits 
used about cm. and compute distances from 
stadia reduction table made for each instrument, and frequently car- 
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ried centimeters. Such tables were used this Commission the 
1897-98 re-survey the lower river. 

the nearest that the stadia interval can usually read, 
distances about 200 more, the centimeter, which means 
distance, has always seemed the writer that too great 
refinements had been attempted. purported give stadia work 
degree accuracy which did not exist, and thus added its cost 
without any real gain, well giving factitious value, these 
refinements use time; the purpose taking topography usually 
get all one can the shortest possible time, and have 
accurate that errors would not noticeable the map—in this case 

this man checked his stadia interval chained 
base the beginning and ending the work, and one topographer, 
who seemed get his distances too. short, checked his several times, 
material variation from the ratio 100 between in- 
tercept and distance could detected. Therefore, the reduction tables 
were dispensed with, well rod levels, and the topographer read his 
rod far could see it, regardless whether not the lower 
wire cut the rod near the ground. Work was not stopped account 
the the air caused heat, nor account wind, 
long man.could hold rod. The following analysis the 
results will show whether not was wise dispense with these 
refinements. course, the stadia wires instrument not 
intercept 100 m., stadia reduction table must, perforce, 
used until the instrument can the makers and adjusted. 
The stadia wires should always “fixed”, not “adjustable”. 

Within its proper sphere, the stadia unsurpassed the taking 
which are material distances apart, can tolerated, the stadia offers 
most rapid and handy method work; but, where exact, nearly 
exact, location points must had, the better class land 
surveys and all town and city surveys, too inaccurate for satis- 
use. 

Accuracy Stadia Work.—After leaving the field, was decided 
compute and balance all the stadia traverses. This gave oppor- 
tunity determine the accuracy the stadia work. The work 
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naturally divided itself into three parts, the river line, the Texas 
topography, and the Mexican topography, but various considerations 
induced division the work into four parts, follows 

First. All the river work except six traverses: This was all done 
expert instrumentman, with former experience stadia work. 
The sights were usually open ones, many being across the water. The 
distances between hubs were fairly uniform, and were long, were 
the traverses, that errors would compensate. The best results 
should expected from this work. 

Second. All the Texas traverses, together with two river traverses 
which were run the Texas topographer: was good instrument- 
man, without previous experience with stadia; was working 
brush, where had many bad sights and short distances, and many 
his traverses were short. His work could not expected show 
good results did that the river. 

Third. The Mexican lines down San Miguel, about miles 
below Roma, together with two river traverses near Roma: trav- 
erses were run green men, and were All the Mexico 
lines started from and closed the river line, that some discrep- 
closure may chargeable it. 

Fourth. All the Mexico traverses below San Miguel, together 
with two river traverses near the Gulf which were run the Mexico 
topographer: was fairly good instrumentman (with eyes which 
were slightly defective), without former experience stadia, and 
was working the greater part the time brush, where sights were 
likely poor and short. Some the traverses were long, and 
thus gave chance for the compensating errors. Many started 
from, closed on, the river line, thus including its error. 


TABLE CLOSURE AND AZIMUTH. 


(2) (3) (4) (6) (7) (8) (9) 


Number Number Linear Error 


Section. lines, closure. 


Texas .... 7.0” (1 040) 
Upper 
wer 
Mexico. 4.2” (847) 


Total... 264' 22” 4.7” 392) 


| 
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Although several lines showed evidence blunders, probably 
each, stadia readings, they will all included the first 
analysis, and then they will dropped and the remaining work 
analyzed. 

Table includes all the stadia lines which were run closure. 

Some the lines Table were run distance tie, but not 
azimuth closure. They were follows: 

River 

Texas lines 206 courses. 
Upper Mexico, section.... 

Lower Mexico section 


lines 407 courses. 


The azimuth errors Column are with these courses 
deducted from the totals. The figures Table parentheses show 
the number courses used getting the angular error. This table 
also shows that there were run and computed 186 lines, aggregating 
1051 km. miles) length, that the average error closure 
was, practically, 900, and the average error angle reading, 
where angular closure was had, was less than per angle. 

One river line, one Texas line, and seven Mexico lines indicated 
“busts” stadia readings. They are dropped, and Table made 
without them. gives fairer idea than Table the real 
accuracy the work. the mistakes stadia readings did not 
affect the azimuth errors, the latter are not repeated Table 


TABLE CLOSURE—OMITTING NINE BAD LINEs. 


(2) (4) 


Number Number 
Section. of of 
traverses. 


Upper Mexico 
Lower Mexico 


Totals 


Table shows that 177 lines, presumably free from “busts”, aggre- 
gated 979 km. (or 608 miles) length, and that the average error 
closure was little greater than 


(6) (7) 
Linear 
Mean Ratio: 
error 
length. closure. 
in ngericcccusces 52 883 596 1112 345 228.0 1 682 
74 304 733 1 226 249 377.8 807 
| 18 87 822 446 197 97.0 905 
88 202 682 768 264 285.8 709 
| 177 978 783 8 552 276 988.6 990 
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Table gives the notes the nine lines which were omitted from 
Table should understood that these lines were not rejected 
because their ratio error showed large, but because the absolute 
failure close was great. Several shorter showing larger 
ratios error than these, have been left Table 


TABLE 9.—REJECTED 


(7) (8) 


ERRORS OF CLOSURE: 
Section. 


2 

= 


9lines 72330 


Mean length, 8 087 


Table shows that nine lines, aggregating km. (45 miles) 
length, have been rejected, because was apparent that there were 
one more mistakes stadia reading each. also that 
their average ratio error little greater than 400. 

order determine, possible, whether not the different topog- 
raphers were systematically reading distances short long, Table 
was made up. assumed that each section had but one series 
lines, the general course and total net length which were shown 
Column which made from Columns and The quantities 
Columns and were scaled from the map. The sums the errors 
latitude, both north and south, and their net sums, with the proper 
signs, are given Columns and the same for departure are 
given Columns 10, 11, and 12. Column gives the net linear error 
closure, and Column gives the ratio. 

Table indicates that the river topographer slightly over-ran 
distances, general thing; that the Texas topographer balanced 
remarkably well; but that the Mexico man under-ran quite badly. This 
confirms the belief that was inclined read the stadia too short. 


(9) (10) 
Ratio: 
cURL, lin 
Texas......|/R-619,,.)R-817... . | 18.88 423 
“ 26.20 298 
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some places there were two more side lines parallel each other, 
that the assumption that there was only one series lines not 
exact. There were other disturbing elements which make the results 
this table has especial significance, except that 
shows, way, the personal equations 


TABLE 10.—GENERAL CLOSURE LINES. 


(2) (3) (4) (6) 


Course and 
Lat. Dep. distance. 


10km. below from Gulf... 000 
000 

19 000 

81 000 


(11) (12) 


ERRor, 


54.40 22.83 160.46 137.63 


Tables 11, 12, 13, and show the number and length the lines 
the several sections which had certain ratios error, and Table 
shows the same thing for all the 177 accepted lines. These tables also 
show the poorest and the best ties for each section, and the shortest 
and longest lines each section and the whole. 

Table shows that the worst closure the river was 408 
and the best, 042; that the length the shortest traverse was 
1889 and the longest, 897 m., the average being 7377 m.; that 
less than the work was poorer than 800, that nearly half 
(48%) was between 1000 and 2000, and that almost 30% 
was better than 3000. Table shows that the worst closure 
the Texas work was 210 and the best, that the length 
the shortest line was 1329 and the longest, 320 m., the average 


74° 
River ........+. 1€8 000 174 500 
8. 75° E. 
187 000 193 600 
66° 
Up. Mex....... 000 
78° 
Low. Mex...... 148 000 146 200 
(7) (8) (9) (10) (13) (14) 
linear. lin 
99.55 1750 
10.76 000 
8. W. 
88.48 220 
N. W. 
158.97 
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being 4118 m.; that the work was poorer than 400, and 
that 80% was evenly distributed from 400 1500. 
Table shows poorest line 285; this was the first traverse 
man without stadia experience. The best line was 
which was jointly run two green men. The length the shortest 
line was 307 and the longest, 358 m., the average being 
Table also shows that was poorer than 400 and nearly 60% 
was between 600 and 1000. 


(2) (3) (4) (6) (7) 


Total Percentage 
length. Longest. Mean. whole. 


53 


Best. 
Shortest. 
Longest. 


Percentage 


whole. 


3 000 to 4.000. 
More than 4 000.... 


— 
a 


Poorest. 
Best. 
Shortest. 
Longest. 


(1) 
lin 
8 
1 2 426 Poorest. 
(a) (3) (4) (7) 
Number 
Ratio: Total 
aa of Shortest. Longest. Mean. 
1 11 820 
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TABLE ERRORS UPPER LINES. 


(1) (2) (3) (4) (5s) 


Percentage 


Longest. of whole. 


Less than 
600 800... 


Poorest. 
Best. 
Shortest. 
Longest 


TABLE LOWER MEXICO LINES. 


(2) (3) (4) (5) (7) 


Ratio: Shortest. Longest. 


Percentage 
lin lines.| length. 


Mean. of whole. 


Less than 400... 
400 600... 


to oe 
More than 4 000... 


Poorest. 
Best. 
Shortest. 
Longest. 


Table shows that the poorest line the Mexico work was 
285 and the best, 4081; that the length the shortest traverse 
was 2239 and the longest, m., the mean being 332 m.; that 
nearly was poorer than 400, and that 70% was about equally 
distributed between 400 and 

Table shows that the poorest line was 210, having been 
Texas; that the best was 18042, having been run 
the river; that the length the shortest line was 1329 m., having 


(6) (7) 
Potala. 18 87 822 | 6756 100.0 
10.201 
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been run Texas, and the longest, m., having ‘been run 
the river; that the average was 5530 m.; that the work was 
poorer than 400; that 75% was about equally distributed 
between 400 and 2000, with half this portion 
800 and 500, and that 15% was better than 000. 


(2) (4) (7) 


Number Total 


of whole, 


More than 


to DOC 


Totals 


210 Poorest—Texas. 
1 in 18 042 ee Best—River. 

lin 481 Shortest—Texas, 
Longest—River. 


Table also indicates, general way, that the shorter the line, 
the poorer the closure likely be. This shown more plainly 
Table 11, and bears out the statement that the stadia errors, where 
the work skilfully done, tend compensate each other. 

Comparison with Other Stadia Work.—Aside from this survey, 


most extensive system stadia lines with which the writer familiar 
was that run the United States Section the Barlow-Blanco Com- 
mission while retracing the International Boundary from Paso 
San Diego 1892 and 1893. 

Major Barlow states* that, all, 1692 miles stadia lines were 
run. These were two classes: First, “Main Lines”, namely, straight 
lines run along the tangents boundary consequently 
free from azimuth errors. Second, “Side Lines”, namely, ordinary 
stadia lines which both angles and distances were 
the first, 675 miles (1085 km.) were run, which five sections, aggre- 
gating 125 miles, were checked with average error 


Personal report this re-survey, Major Barlow, pp. 156-157. 


(1) 
Error: 
lin 
Less than 400... 
400 to 600... 
600 to 800... 
1000... 
1500... 
2000... 
2000 2500... 
2500 
} | | 
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distance 1.in 1218. lines the second class, 1017 miles were 
run, which 118 lines, aggregating 514 miles (827 km.), one-half 
the whole, were closed points the main line, with.an average 
error distances 752. these lines 25% showed error 
closing poorer that 500; 31% the error was from 500 
1000; the error was from 1000 2000, and 14% 
the lines were better than 000. 

will noted that only portion these side lines was controlled 
triangulation through the main line. How large portion Major 
Barlow does not state. The remaining lines simply closed the 
stadia “main with its probable error 1200. these 118 


On 


lines were distributed uniformly over the whole area, then only 
them, were controlled triangulation, those the Rio 
Grande were controlled the precise line either directly, through 
another stadia line. Therefore, account involving the error the 
stadia “main the foregoing closing ratio 752 un- 
certain; may larger may smaller than given. 

should stated that all the river lines started and closed 
precise points; that all the Texas lines, except and 
closed the same way, and these last were controlled stadia lines 
which had been adjusted; and that nearly all the Mexico lines tied 
river traverses, which were all controlled. The rule adopted was: 
first balance the traverses which closed precise points, and 
then, assuming that all points these were fixed, balance the lines 
which ran from them. 

Johnson* gives table (Table 16) showing the particulars Major 
Barlow’s 118 lines which were run closure. Johnson’s last col- 
umn gives the average azimuth error closing per kilometer 
line run. This has been changed “Azimuth error per angle read”, 
that the result may compared with those Table 

Table shows that the approximate length the 118 side lines 


which were run closure the “main”, boundary, stadia line 
was 7000 m., total 826.5 km. (513.7 miles) and courses per 
line; that, assuming the “main” line correct—which was not 
(see Table 17)—these side lines closed with average error 
750 distance and nearly 23” per angle turned. These last 
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two may compared with the writer’s closures (see Table 
900 for distanee and less than per angle 186 ling 
aggregating 1051 km., or, rejecting lines (see Table 8), closure 
990 177 lines aggregating 979 km. 


TABLE INTERNATIONAL BOUNDARY WEST 
1892-93. 


(2) (3) (4) (5) (6) 


Average Average Error Azimuth error 


386.2 18. 
average length lines, 


The writer has had occasion check with steel tape three 
the distances between monuments the boundary west Paso, 
and the result this checking given Table 17. 


TABLE DISTANCES BETWEEN MONUMENTS. 


(2) (3) (5) (6) 


From To Stadia Chained 


Ratio 


Difference. 


983.66 
449.98 4444.1 
460.52 462.85 


894.16 884.55 


The arithmetical sum of the differences is used. The signs only go to show that some- 
times the stadia distances over-ran and sometimes fell short. 


The stadia distances Table are taken from Column the 
table page Part the Barlow Report, and there stated 
that the distances are those the United States Section. The dis- 
tances between Monuments and and Monuments and were 
measured with steel tape level ground Mr. Ross Allison 
February, 1908. Mr. Allison had just completed several months’ work 
precise line the Paso Valley and, being very careful 
man, naturally took great pains with his chaining. There 
doubt that checks within 10000. The distance 


111 828.2 15.2 558 
290 487.7 817 18.8” 
118, 826 752 
46.06 657 
756 
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ments and was measured August 22d, 1906, Mr. Zayas and 
the writer. The ground was rolling. The chaining was carefully done, 
and probably will check within 6000. Table would 
indicate that the “main” stadia line the Barlow Survey may not 
check any better than his side lines, and, the latter were controlled 
the former, considerable doubt thrown the trustworthiness 
the results given Table 16. Certain combinations errors would 
give results better than there shown, and others would give worse ones. 

illustrating further the possible errors which may have existed 
the Barlow “main” line, attention called the distance between 
Monuments and 86. The table referred the Barlow Report 
gives the United States stadia distance and the Mexican 
4437.85 m., difference between the two m., 366. 
The mean was assumed correct. The writer does not know whether 
the original Barlow distance was used balancing adjacent 
stadia traverses. Similar differences will found various places 
the table. cursory examination discloses twenty places where 
the United States and Mexican distances between adjacent monuments 
differ more than 400 and seventeen more where they differ more 
than 500. The worst ratio differences between Monuments 
185 and 186 where the distances differ 270 (the two distances 
being 4496.74 and 4513.41 m.). The worst absolute difference 
between Monuments 105 and 106, where the difference 21.5 and 
the ratio differences 301 (the two distances being 492.22 
and m.). The first broken country and the last 
level prairie. 

Attention not called these discrepancies with the intention 
criticizing the work the Barlow-Blanco survey, because the exact 
distances between monuments was particular importance, long 
they were placed the boundary, but for the purpose showing 
the uncertainty the data Table 16. This table has become 
classic, and only right that those who use should know just 
how much dependence can placed it. 

the Barlow work, great exactitude was attempted the stadia 
work the use rod levels for holding rods plumb, stadia reduction 
tables, frequent interval determinations, studies the boiling 
the air caused heat waves, and differential refraction, etc. 
All these things not only consumed valuable time, but gave fac- 
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titious value the results. They naturally the belief 
that the work was much closer than really was. disappointing, 
say the least, find that distances which are given centimeters 
are really from one several meters error. man can read 
may read half meter 200 so, but beyond that 
lucky gets within meter the true distance, The centi- 
meters the Barlow-Blanco distances come from the use reduction 
tables which are computed centimeters from observations which 
could, the best, only half meters, very short distances, 
tenths meter. 

Johnson states* that the results obtained the Lake Survey 
are perhaps fair average for various that survey 
the errors closure 141 meandered lines, averaging miles each, 
210 miles (338 km.) averaged 650, The official limit was 300. 

Comparison invited between Tables and and Table 16. The 
physical conditions under which the two sets lines were run were 
about The Barlow lines were run country which 
was very rough places, but was practically free from brush, and 
where the air conditions were generally fair, except the mountains, 
where they were usually good. The lines Tables and were all 
flat country favorable good work, but, aside from the river, 
were brush and with poor air conditions times. The three tables 
indicate that much more depends the expertness and carefulness 
the instrumentman than rod levels and reduction tables. The 
grade the transits was the same both surveys. 

The writer believes that his thesis—that stadia work usually 
done burdened with needless refinements—is sustained 
sults this work when compared with those obtained the more 
laborious methods. 

Rate Progress Stadia rate progress the 
stadia lines varied greatly. The fairest way showing give 
the number shots per day. These are follows: 


River topography 150 200 shots per day. 


The river party covered from km. miles) per day. 


Theory and Practice 280. 


| 
| 
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Costs. 

total the field operations, from October 1910, 
1911, all transportation charges and repair 
outfit, was $22 400. 

impossible divide among the various classes 
work. 75% can properly distributed. has been done, 
then the remaining 25% has been divided about the same 
proportion the 75%, and the following results: 


Precise line 

Primary level line 

Topography 

Ties bancos, marking bancos, and 
building monuments 


$22 400 


The precise line cost includes half the computer’s time. The 
topography cost includes the time two draftsmen and the note 
caller. The banco ties cost includes half the computer’s time. 

The precise line party ran and checked (including lines run 
reference points) 155 miles line, which cost $25 per mile. This 
seems excessively large. comparison with similar work can 
found. 

The level party ran and checked 155 miles primary levels, which 
cost per mile. This reasonable, and compares favorably with the 
cost similar work other places. 

The topographers covered 375 sq. miles, cost (for the work 
done this trip) $35 per sq. mile. There had been, however, 
bancos surveyed, where old topography was available. course, the 
river had re-surveyed front the bancos. The average area 
each these the center the old channel, was about 145 acres. 
The survey extended beyond this, that each banco survey repre- 
sented, probably, sq. mile, sq. miles all, leaving 335 sq. miles 
which were covered this survey, cost $39 per sq. mile. 
unit cost can calculated for the banco ties, etc. 

must remembered that the topography did not cover the whole 
ground thoroughly, but consisted the tracing out special features, 
such the river channel, overflow bank, roads, ranches, lagoons, 


750 
150 
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hence the foregoing cost not properly comparable with contour sur- 
veys which the ground thoroughness. 
may cost two three times much per square mile did 
still economically done. 

The Barlow survey covered 1750 sq. miles, cost 
plus 40% for “General office and Commission expenses”, 700— 
$68 per sq. mile. The two surveys probably covered 
with about the same degree but the 
tions were much more severe the Barlow work. 


| 
: 
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DISCUSSION 


who has had experience stadia topographical work, some which 
has described,* has read Mr. Follett’s paper with much The 
surveys made 1900 the New York State Engineer’s Department 
for Canal, were the same general those 
described Mr. Follett. 

The writer had the New York Barge Canal Surveys from 
Herkimer near Clyde (114 miles), the Oswego and Oneida 
Rivers, and for the Cicero Cut-off, 

The base line was measured with 100-ft. steel tape under uniform 
tension, temperature, and the leveling was du- 
plicate lines run forward and back, using ordinary Wye-levels and New 
York Philadelphia rods, with allowable error 0.05 ft. \/miles 
between points. The topography was taken stadia for 2-ft. contours, 
ings were made short intervals:along both land and stream lines, and 
cross-sections streams and lakes were made soundings, The totals 
the various classes work performed and the cost thereof are 
shown and 19. 


TABLE 18.—New York 1900. 


Oneida River 1.69] 1 088.5) 2.7) 118. 4 |1—3 000 
Oswego River «+é+- 2,89), 5.78) 0.89 249.6) 80. 2 000 


The ¢haracter thé country and the cost the topography 

different localities. Erie Canal, from 

with large buildings the villages The terri- 
* Transactions, Am, C. E.; Vol. XXXTV, p. 28,.and Vol. XLIV, p. 92 


Mr. 
Landreth. 
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tory the Cicero between the mouth Crusoe 
and the western end the Division, was open, cultivated land, but the 
Seneca and Oneida Rivers were generally bordered woods swamps. 
Work the Montezuma Marshes was slow, owing reeds and 
soft ground. 


; Cost per Cost per mile 
Class work. Cost per mile. square mile, stream. 


Transit line 
Duplicate levels...... bis 
Single levels 


Accuracy and Cost the Work.—The running error on. the 
sit lines, determined Polaris observations, was 
vations being taken about miles apart: 


Line “A”, Grove Spring: 
Minimum 
Line “B”, Threé’ Rivers Mile East Clyde: 
Maximum running error 12’ 30” 
the leveling, the limiting value the 
\/miles benches, was 0.050, and the actual values 
follows: 
Between Herkimer and East Line Oneida County: 
1.—Between Benches: Distance, Miles. 


| | 
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Between East Line Oneida and Grove Spring: 


Benches: 
a—Maximum value 


c—Average 


2.—From Origin: 


a—Maximum value 


c—Average 


Between Phenix and Clyde: 


1.—Between Benches: 
a—Maximum value 


c—Average 


a—Maximum value 


Distance, in Miles. 


0.9 
0.0034 6.03 
0.013 25.74 
Miles from Origin. 
0.90 
0,001 11.00 
0,008 25.74 
Distance, Miles. 
0.034 1.81 
2.84 
0.009 51.40 
Miles from Origin. 
0.042 6.77 
51.40 


About half the levels the Tine between Pheenix and Clyde were 
run very soft ground and through swamps, 

Twenty-three stadia circuits run Party give fair example 
the results obtained the stadia work, follows: 


stadia work, soundings, map 


superintendence, and 


supplies, but the cost borings. 
The field work ‘on the Cicero Cut-off, line 
long, covering 700 acres, cost cents per acre, cost 


instruments, equipments, borings, 


all field notes ready for plotting. 


but including the reduction 


The total borings, including cost outfit, superintendenee, 
and was $10 672.41 for 14.874 ft. cents 


per ft. 


Mr. 


Mr. 
Landreth. 
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Undoubtedly, the number stadia shots mile prin- 
cipal factor determining cost stadia surveys, shown 
Table 20. 


TABLE 


BarGce Cana, Mipp_e Drviston. 


Area, square miles 11.60 11.20 
Shots per square 210.00 900.00 


Varying conditions woods, hills, streams, houses, make 
very difficult predict the cost stadia work, but the foregoing data 
may serve guide engineers contemplating work similar mag- 
nitude. 

1901, the writer had running line spirit levels 
connect the various lines previously run the Deep Waterway 
Commission, the 1900 Barge Canal Survey, furnish continuous 
lines bench-mark elevations along the proposed Barge Canal between 
Albany and Buffalo, Syracuse and Oswego, and from Albany White- 
hall the head Lake Champlain, and those portions the Erie 
Canal not covered the former surveys. 

His report thereon was published Annual Report the 
State Engineer, Edward Bond, Am. Soc. order 
make the results available, the following extracts are taken from the 
State Report: 


“Work the field was begun the old grist mill bench mark 
Greenbush March 1901, and completed Herkimer 
Check lines between the Barge Canal benches the Seneca River and 
the old benches the Erie Canal.were run Syracuse, Peru, Weeds- 
port and Montezuma between June 20th and July 7th. From July 7th 
August 17th portion the party was employed Albany 
office working the results field work. single 
was run the Champlain Watervliet Whitehall between 
August 17th and September 14th, and duplicate lines from, New Lon- 
don Clyde along the Erie Cana] between September 16th and De- 
cember 10th.” 


* * * * * * * * x 


“The party was constituted follows: recorder, instrument-man, 
two rodmen, and bubble tender. The chief the party acted 
recorder, or, instrumentman the necessities the ease required.” 


* * x * * * * * * 
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“Instruments, 


“The instrument used was Gurley level, purchased 1900 for 
the Barge Canal The dimensions the instrument were: 


Clear aperture inches. 
Value division level bubble 
Value one division level 


“The rods used were improved Gurley New rods having 
special target.and folding dise plumbing face the target 
had black background with narrow white band median hori- 
The white bands were one-fourth inch the 
outer edges target, narrowing down one-thirty-second 
the face, and allowed closer setting the target 
than the older form targets. 

“The rods were divided into feet, tenths and were 
thousandths vernier the target. The foot the rod 
was bronze casting terminating truncated pyramid one-half 
inch square.” 


“Steel pins, twelve inches long, one inch square the top, tapering 
steel cone were used for turning points. driven securely 
the ground with mallet, striking the head, and the rod was 
held the cone, care being taken not disturb the 
pins any way until all readings were taken. The level was shaded 
all times umbrella when set up, and cloth bag when moving 
from point point. breaker, ten feet long and five 
feet high, was stretched between one and one-half inch gas pipes driven 
firmly into the ground.” 


Duplicate lines levels were run forward and backward and the 
limit the error closure the two runnings was 0.020 ft. 
miles between benches, from Albany Herkimer, and 0.016 ft. 
miles between benches, all other lines along the Erie 

“Procedure Work. 


“Starting bench turning point, the instrumentman paced 
along the towpath from 250 feet and set the level, protecting 

No. remained the bench and rodman No. starting 
the same paced and beyond instrument till reached 
point many paces beyond the instrument the instrument was 
from rod No. which point drove the steel pin. 

“Having leveled the instrument, the leveler set the target 


rod No. backsight, and then, avoiding both haste and delay, 


turned the telescope rod No. and set the target The 


Mr. 
Landreth. 
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bubble tender kept the bubble constantly the tube 

slight pressure the fingers on.the leveling plate the instrument. 
balance errors due defective vision the differ- 
ences the light the bubble, the bubble tender around the 
tripod when telescope was turned. 

“The recorder remained with rodman No. until both and the 
rodman had recorded and checked the rod when 
walked rapidly pin No. checking the distances the way. 
The then read, recorded, and checked the reading target 
No. and. signaled ‘all right’ the instrumentman, who repeated the 
signal rodman No. when they both moved forward. Rodman No. 
going rod No. read, recorded, computed and compared results 
with rodman No. the recorder, the leveler having the same time 
paced point No. check the pacing and then paced past point 
No. distance and set the instrument. Rodman 
paced the instrument from point No. and then distance 
beyond and drove steel pin and set Thus this 
First set up, rod No. backsight set first and rod 
No. foresight set. last; second set up, fore 
sight set first and rod No. set last.” 

* * * * * * * . * 


“The length line run each day depended almost entirely the 
wind and the condition the atmosphere, and work was stopped 
when was found that three more readings were necessary order 
obtain two readings within two-thousandths. foot The 
best. results were obtained sights from 200 feet. The 
progress records for the various portions the are given 
Table No, 2.* 


per mile, 
Miles of Miles of 
Days Miles for field work 
Location. finished singleline 
1d. ingle line. ft fi hed 
field. single line lin per day. nis 


Greenbush-Herkimer. 
Grove Spring-Clyde 
Tie 

Oswego Canal 
Champlain Canal 


“Accuracy the Work. 


“Table No. has been prepared, differences. between 
the east. and west lines this survey. that table gives 
the serial number the bench mark; the 
and the difference between the bench marks given. by. west 
line, the east line and the mean thereof; column shows 
excesses obtained subtracting the difference, 
termined. the west line from those determined east line; 


Rearranged and reproduced herewith Table 21. 
Not reproduced this discussion. 


Mr. 
Landreth 
343.08 95.48 3.16 $27.70 
199,18 74.98 3.49 30.90 
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being the algebraic sum all the preceding partial excesses. 
and the plus sign denotes that the east line above the west 

“Dividing the line from Greenbush Buffalo into 
ing the individual surveys and taking the values from column 
between suecessive bench marks, being the severest 
test the accuracy the work, the following 


‘TABLE Levets; 1900 1901. 


Allowable 
Location. 


Herkimer 

Herkimer-East line Oneida County... 

Oneida County Grove 

Grove Spring culvert east Clyde. 

Culvert east Clyde Rochester ... 

Rochester Buffalo 


+ Minimum = 0.001, 


Taking themselves the separate given Table 22, and 


comparing their east and west lines, shows their divergence, 
Table 23. 


Circuit, Maximum divergence, in feet, Times zero occurred. 


For the from Albany Buffalo, 354 the total di- 


“Lines Re-Run, 


“The lengths the lines re-run varied somewhat the various 
surveys, owing mainly their having been run different seasons 
the work 1901, the amounts re-run were: 
Between Greenbush and Herkimer, per cent.; between Grove Spring 


+ 
This refers Table No. the original report: the greater part reproduced 
herewith Table 22. 


Landreth. 


Length, Times 
zero 
95.42 0.020 0.016 43 
4 12.56 0.050 0.016 2 
25.74 
0.050 0.045 0+ 
74.93 0.016 0.016 10 
56.7 0.050 0.049 6 
94.19 0.050 0.088 ll 
1 0.067 15 
2 0.014 4 
8 0.050 4 
4 0.0638 
5 0.198 2 
6 i 0.135 9 
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and Clyde, cent. the length east and west 

“The men employed the Barge Canal lines taken the 
State Civil Service list, special training level- 
ing, though the men employed: in, 1901 nearly experience 
similar work 

“The instruments used were the regular engineer with sensi- 
tive bubbles, but could sense called the 
term used Government reports. 

“The results are those obtained men average ability and care- 
fulness working under rigid instructions with instruments such may 
obtained from any reputable maker, and should distinctly under- 
stood that claim made that the lines run are ‘precise levels’ 
the technical sense the term. 

“The methods work were almost identical with the later methods 
the Coast Survey and the Geological Survey but the 
levels used were inferior the precise levels used the latter 
the optical power the telescope, weight and solidity and 
much lower cost. The results are those obtained with average 
leveling party working good rate. 

“Experience gained the Barge Canal surveys shows the necessity 
certain precautions secure uniform degree accuracy. Among 
them may cited the following: 


Before testing the instrument adjustments should set 
the shade and allowed remain few moments, order allow all 
its parts come the same temperature. 

“2. During bright sunlight the line sights should not near the 
ground, fence, stone wall building, avoid the action the 
heat radiated 

“3. After the target set and clamped another careful observa- 
tion should made the contact the rod with the turning point, 
the plumbing the rod and the centering the instrumént bubble 
before the final acceptance the target setting. 

During windy weather the instrument should not set 
dry sand dust, the vibration the tripod legs causes fine par- 
ticles settle under them, raising the instrument. 

After the instrument leveled the observer and bubble tender 
should stand near little possible, owing the effect the heat 
their bodies changing the temperature parts the instrument. 
They should, far possible, place their that breath 
will not blown upon the 

“The essentials for obtaining good results are: good instrument 
with sensitive bubble, kept perfect adjustment; equal back sights 
and fore sights; protection the instrument from the the 
sun all times; cessation work air not 
allow two settings the target the same point within 
foot. The chief the party should careful, who 
should early learn when stop work, and his guide should accuracy 
first, speed second.” 


Mr. 
Landreth 
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certain views concerning the accuracy the and its limitations, 
they this special piece work 
and the methods therein used, they. are certainly at. with 
the writer’s experience, and are work gen- 
author, fails;to appreciate the with which stadia 

material apart, can tolerated, the most 
rapid and handy method 

Mr, Follett had said feet, instead meters, he; would have been 
source his error rod results, were prob- 
good could obtained with that rod, whether and 
stadia factor corrections. were applied That not 
capable close reading his statement: nearest 
that the stadia can usually read, about 
During the the writer has had field 
parties under his direction the Topographic Survey 
(Area 100 miles, scale of. map, 400 ft. in.) earrying out 
this work approximately 1650 miles stadia traverse have been run— 
controlled by, triangulation, that the the 
stadia measurements was always observation 
each control points. One the specifications, this 
work was 


the map. This distance inch, representing ft. 
the 


This did not apply short distances alone, but distances between 
points anywhere the That this condition was met shown 
nutherous which the map been subjected the Depart- 
ment Sewerage City Cincinnati, before acceptance 
the work from (the work was done contract). 

work, rods in. wide and divided feet, 
tenths, and hundredths foot, were was found ‘up 
200 the intercept read the nearest division 
the rod, representing ft: distance; and, 600 ft., intercept 
the distance. ‘The length sight was kept less than 600 far 
especially long traverse lines. 


| 
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When distances the foot, instead’ the nedrest 
the necessity applying corrections for stadia factor 

Although the need tod levels not apparent level’ 
nearly impossible for rodman hold truly vértical ‘on 
steep slope; inclination either ‘way will change the 
intercept the rod one two introducing 
such levels, that they may used when' 

seldom that finds instrument which the ratio 
the distance intercepted the rod the distance being measured 
work, three had the wires placed accurately 
ratio was true 800 ft. The eight remaining ones required 
rections varying from 0.75 ft. per 100 ft. distance. They’ were 
fairly representative group instruments: Seven were 
and Lomb, three and Gurley, and one Young and Sons. 

seem that the condition instruments with- 
out stadia factor, found Mr. Follett, exceptional. The question 
naturally arises: Was this not partly due the fact that his rods were 
not adapted close nearly exact reading, and may not some his 
undetected stadia factor for 

Far from agreeing with Mr. Follett that the 
for satisfactory use the better class land surveys and city and 
town surveys (meaning topographic surveys; for manifestly not 
applicable city land surveys where land valuable discrepan- 
cies distance 0.1 ft. are serious moment), the writer’s belief 
that the stadia can used without any injury the accuracy the 
results, wherever these results aré plotted scale ft. 
in. smaller scales. other words, the errors plotting 
measurements when properly carried out, and the necessary corrections 
for stadia factor, focal length, are applied. course, with stadia 
well with any other method, there must proper primary control. 

Relative cost, Mr. Follett gives $39 per adding that this 
“is not properly comparable with contour surveys which all 
the ground with Such may cost,two three times 
much per square mile did this and still done”. 
The afraid that this misleading and many 
engineer greatly the cost topographic surveying, 
uses even ten times this cost There are many 
conditions affecting the costs topography that dangerous indeed 


oughly examined. elemental conditions affecting costs 


(a) which the map plotted; 
control and topography, such quantity brush, steepness 
being especially important considering city work. 


the writer’s opinion that topography may. cost from $30 
500, even per sq. mile, depending these varying condi- 
and still most executed. 


writer introduced practical side the stadia method 
surveying immediately after graduation from college, and has 
experience its use along the coast Texas, under 
has used almost entirely, except, for hydrographic surveys 
sextants are not available for locating lines soundings 
the lines not run too far out from shore, 
good made locating points the lines sound- 
with rod held the sounding boat. 

The with the author the use fixed stadia wires 
and the ‘of the Where carefully measured 
base lines taking short distances, when the 
conditions are favorable, and with great care reading 
rod, uge may advisable. For ordinary work the 
factor certainly useless refinement, particularly side shots. 
The writer attempted read the rod closer than the near- 
est ft. shots any length, and has never been 
that his side shots country, the middle the 
account the trembling the With ideal 
Weather conditions—a cool, cloudy day with wind, very light 
wind—and short may possible read the rod. close 
the instrument exactly the same two different times the day. 

his work the, writer used the ordinary diamond diagram 
the stadia rods, Fig. This marking plain and easily read 
except that the hot sun open country and distances ft. 
more, the red triangles tend blur, and the dividing line hard 
distinguish. Moreover, any rod which has the same diagram for each 


Mr. 
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1-ft. interval ‘is confusing The figures, however, are 


and undergrowth. better form marking is. shown Fig. 
This was given the writer member this Society who was 
connected with the Reclamation Service one 
understood have been used that organization. will 

noted that only every fourth graduated tenths, 

One stadia wire set dividing line between foot marks 

that the other wire falls within the block. Dis- 

tances can thus read more rapidly, particularly for long 

shots, the length subtended between stadia wires can 

read 400-ft. blocks. 

rib the back rod useful prevent warping 
its weight and complicates its use rod when taking 
azimuth. has been writer’s experience that 
rods warp badly unless carefully watched. 

author’s tables showing errors closure 
for stadia traverses are interesting and instructive. 
survey Buffalo Bayou, Texas, base line 
was run along each bank transit and stadia, and 
the two lines were tied across intervals from 
miles, thus forming series closed tra- 
verses from which the errors closure could 
About these closures were thus 
made, and was found that the error varied, 
155 traverse were afterward chained 
carefully, and all distances were read forward 

keeping notes the writer has always numbered 
consecutively his stadia hubs, side 
double number, first, that the stadia from 
was taken, and ‘then that side shot, 
thus: 15-1, 15-2, page appear 

and true north would then 180 degrees. 

and the side shots are spotted with their number 
placed alongside, note also made, the same line the notes, 
the object which the side shot was This method has always 
clear the draftsman. usual thing, better for each 
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man his own work, but this not always possible, particularly 
always some distance from the instrumentman, and able sketch 
fairly well, usually good practice furnish him with book 
which sketch the topography and locate the points which 
has rod. 


TABLE 24. 

Distance, Magnetic’ | Vertical 

At. On. feet. Azimuth. bearing. Elevation. 

| 


The writer has always used with success the method observation 
Polaris for azimuth given Johnson’s “Surveying.”* However, 
plausible heat the light used read the verniers might 
affect the instrument, and glad know this. 

During the winter 1911-12 the writer organized and supervised 
topographical survey the Guadalupe River, Texas, which meth- 
ods similar those described the author were used, although not 
so, accurately, in.some particulars. This survey extended over about 
the river; from point about miles above the mouth 
Town. of. Victoria (Mile 52), and covered not only the bed and 
banks but area about mile back each side. All 
were measured base line was run along the 
bank the river, crossing from one side the other wherever neces- 
sary get the most open country. this base double-rodded line 
carefully. base line then formed the hori- 
the river and all topography between the water’s edge and the top 
the bank were taken directly from this line. The topography back 
the base. were similar the banco traverses 
described. the author. Most the elevations for topography were 
obtained level, running alongside the transit. The transitman 
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located the controlling pomts, the levelman eleva- 
tion, which was given the entered 
his notes. This method requires more very 
rapid and simple, and saves much stadia 
notes. Where would have several the 
obtain the elevation, resort was occasionally had 
The true meridian was obtained from magnetic base established 
the Coast and Survey Victoria, and was checked 
place about miles below the. starting point direct observa- 
tion Polaris the method previously referred to. The field work 
this survey cost about $125 per sq. mile. This high cost was due 
the bad weather encountered and the thoroughness with which 
the work along the river was done. Much that work has not 
been described herein. The cost includes also the purchase 
siderable equipment, fitting houseboat, etc. The survey was 
made for the purpose preparing estimate and report the im- 
provement the river locks and dams. For the area back the 
river bank the cost per square mile was probably less than one-half the 
figure given. 

notable contribution the literature surveying, and 
special interest the writer because its comparisons with the 
topographical work the Barlow United States and Mexican Boundary 
Survey.* 1892-93 the writer made most the actual stadia meas- 
urements the tangent boundary line from Paso Yuma, 
Ariz., besides sharing the topographic traverses the same region. 
the years which have elapsed since this work done, has 
given good deal thought this subject with both 
his instruction topographic surveying the 
consin, and also certain stadia surveys Wisconsin’s most’ im- 
portant lakes and rivers, some which are described latér. This work 
included the running more than 2000 miles stadia traverses, and 
was secured under great variety climatic and other conditions, 
and for variety purposes. This experience has often illustrated 
the fact that there are many ways which make stadia measure- 
ments (as well steel tape measurements), all the 
character the work and the accuracy required. Stadia measurements, 
fact, should mean many things all men, not 
some men. 

The paper includes certain criticisms the Barlow International 
Boundary reader must not forget that this field work, 
matter fact, was completed more than years what 
line engineering endeavor not possible the 


** Topography on the Survey of the Mexico-United States Boundary.” by J. L. Van 
Ornum, M, Am. Soc. C. E., Transactions, Am. Soc. C: E., Yok, XXXIV, p. 259. 
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ranges, and most part devoid the Rio 
Grande extremes were not. present, and, gen- 

eral, conditions: were favorable for accurate work. 

The writer agrees thoroughly Follett that adjustable 
keeping the tod are generally unnecessary, but cannot agree 
with his statements, regarding. the needlessness interval 
which the writer would use steel tape without testing its length 
reported the dealer. The testing the wire interval transit 
supplies the same information the testing the steel tape. far 
the need either test, must admitted that the wire 
interval much more likely change the field than the length 
steel tape. author advocates sending the transit from the 
field the manufacturer for readjustment the interval 
changes make this necessary. 

The writer knows engineers who transits the in- 
strument maker for even the ordinary adjustment, but does not 
favor such practice. When the adjustments and 
transit are made the field the engineer who uses such instru- 
ment, better results may generally expected than such adjust- 
ments and calibrations are made some unknown mechanician 
distant city. Moreover, the danger changes during transportation 

careful examination the fifty transits belonging the Sur- 
veying Department the Wisconsin, as.well score 
familiar, the, fact. that .rarely has the stadia interval 
been, found: even approximately fact, the stadia 
the lens one could certain would inter- 
cept the rod for every 100 ft. distance when used under 
vastly circumstances the field. This not matter 
feels more certain, to-day than did years ago that the gen- 
eral the calibration instruments applies equally well 
the stadia interval; namely, that such calibrations; far con- 
venient, should made under the same those 
cautions more work, and quotes certain 
stadia measurement made the writer 1892.to prove his point; 


| 
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now proposed use these same stadia together 
with seventeen others, all checked triangulation and steel tape 
one important particular, much higher accuracy would 

determining the stadia interval the was read the ‘rods 
tion the interval was thus secured each 40-m. These values 
are platted the ordinates and the distances abscissas 
which, much generalized, shown adopted working 
value the interval was the average all the ten values obtained 


Distances the Base Line, Meters, 


Values the 


CHARACTERISTIC INTERVAL Curve, U.S.-Mexican Bounpary 1892-98, 

the various base distances. account the 
these partial intervals, this method would case 
the stadia readings the later field measurements were ‘distributed 
determination. Now, measuring the boundary line; 
greater distances than 270 were not writer has 
reviewed the books and found that had 
the computations for the stadia interval been restricted to’ the corre- 
sponding distance limit (270 working interval would 
the time the were made because necessity’ then 
was not realized. 

When preparing their years later (1895), 
lation steel tape the writer’s boundary stadia 


104.70 
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measurements and taken'from page 235 the Commissioner’s 
report. study this table discloses the fact sign the 
error every stadia measurement checked positive, that is, the 
distances, measured the stadia, were every case too long, 
instead too short and sometimes ‘too long, 
would have been the case had interval been free from large sys- 
tematic error. accumulated error the 80775 stadia 
measurements was m., 858. 

these same measurements are computed use 104.44 
—the proper interval obtained, explained previously—the resulting 
distances are shown-in Column giving the errors stated Column 
and expressed fractionally Column 

will noted that the errors these measurements are both 
signs, and that the total accumulated error the 80681 only 
tances, Monument 84-85 and 85-86, measured the writer (Nos. and 
Table 25), and checked with steel tape the author (Table 17), 
when computed the proper interval factor (104.44), give results 
remarkable agreement with the author’s chained the 
first measurement, Monument 84-85, checks exactly, and the stadia 
distance, Monument 85-86, checks with error only 0.9 m., 
4930, instead 657 and 756, given Table 17. The 
fact that the interval factor, 104.44, was computed from the actual field 
notes and published years before the author’s steel-tape measure- 
ments were made, should. prove the entire reliability and independence 
the writer’s statements and comparisons. This work emphasizes 
the fact that interval must secured order 
prevent large systematic errors. The greatest advantage stadia 
certain approximate balancing the accidental 
errors—is neutralized large systematic errors enter. 

The measurements given Table less than 10% the 
fact, they with the. tape because large 

The .writer shares the opinion,, 
author underestimates with. which 
measurements. may made. .Moreover, this accuracy 
can secured without much time. The office 
work interval table* require more than 
hour, and such the day’s field notes can reduced, 
The for interval determination will small 
that involved sending the transit the instrument maker 
for adjustment the wires. 


* Johnson and Smith's * Surveying, 7 
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(8) 


(2) (3) (4) (9) 
1 4844 8 691.74 ¥ 690.14 + 1.60 8 686.1 '— 4.04 918 
2 46-47 4 779.95 4 773.91 6.04 4 772.7 — 1.21 8 944 
3 | 48-49 4 445.93 4 443.17 276 4 439.0 ‘—4.17 1 064 
4 62-68 8 840.28 8 334.02 6.26 8335.2 +1,18 2 820 
5 69-71 3 382.65 3 824.18 8.47 8 827.5 + 3.382 1000 
6 78-79 5 992.19 5 987.58 + ¢.66 5 988.0 — 4.58 1 820 
7 83-84 6 067.67 6 060.42 7.25 6 058.4 — 2.02 8 020 
*8 84-85 8 983.66 8 977.6 6.06 8 977.6 0.0 | Infinity. 
*9 | 85-86 4 449.98 4 444.1 5.88 4 443.2 —0.9 4 980 
10 | 86-87 6 882.4 6 325.51 + 6.89 6 822.9 — 2.61 2420 
11 87-88 6 698.31 6 685.18 | + 13.13 6 688.2 +3.0 2 280 
12 91-92 5 698.71 5 698.85 Lice 5 690.1 —8.25 1750 
*13 92-93 4 465.2 4 462.58 2.62 4 458.4 — 4.18 1.060 
14 93-04 8 310.4 8 308.87 + 1,53 8 305.4 — 3.47 924 
15 94-95 8 478.41 8475.07 Tt 8.84 3) 473.2 — 1.90 1820 
16 95-96 8 074.85 3 073.61 1.21 8 070.2 — 8.41 900 
17 96-97 8 627.78 83 623.94 + 38.84 8 622.8 — 1.64 2 200 
18 107-108 1 580,27 1 527.3838 + 2.94 1 528.0 + 0.67 2 280 
19 119-120 | 2 475.42 2 471.81 + 4.11 2 471.7 + 0.39 6 330 
Totals.| 80 775.80 | 80 681.82 + 94.0 80 658.1 — 28.8 2 800 


measuremeuts referred the author Table 17. 


Greater the stadia measurements may involve the 
saving expensive 

This well illustrated: the methods adopted the, Wisconsin 
Water-Power Survey, co-operative survey between the State and 
the Geological Survey.* 

The specifications for this made nominally 
Geological Survey, but the permitted make several 
important which either added the value the work 
greatly reduced its cost. One modification the field work was the 
substitution the magnetic needle for the all directions, 
the magnetic declination being frequently determitied from Polaris 
observations. All were read stadia and water levels; 
shore lines and contours were determined either vertical- 
angle readings. Only every other turning point the 
transit, method which increased the speed about 

Such horizontal was needed for the purposes pre- 
liminary survey was secured checking the lines where 


This work was done 
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they crosséd the which had the additional advantage 
showing also the ownership the riparian rights. 

The vertical control was secured running Wye-level lines and 
establishing bench-marks the river intervals 
about miles, 400 miles such levels being run total expense 
$1277. The these levels varied from $2.16 per mile 
settled country with good roads $4.85 per mile region devoid 
roads and settlements. instrument men this work were 
junior civil engineering students the University Wisconsin. 

little the subject the accuracy transit leveling has ap- 
peared engineering literature,.it may interest examine 
detail the accuracy this work, shown Tables 26, 27, and 
judging its should remembered that the average 
turning-point distance 1500 ft., and that the young men 
had had little The sensibility the 
glasses in. diameter and the eye-piece magnified times. 


TABLE TRANSIT LEVELING RIVER, 
WISCONSIN. 


ACCUMULATIVE 
IN STRETCH. ERROR. TOTAL. 


No. |Distance, 


2.4 0.17 0.52 0.20 0.001 7.0 
3.6 0.28 0.54 0.81 0.09 0.30 0.029 10.6 
0.57 0.57 0.15 0.49 0.020 24.2 
3.6 0.90 0.18 0.05 1.32 0.042 
0.49 0.59 —0.10 0.02 2.42 0.06 40.9 
4.8 0.81 0.09 1.98 0.044 45.7 
5.2 0.17 0.02 2.08 0.041 50.9 


Average, 0.15 


Table the largest error per mile any stretch 
the Survey was 0.33 and that the average error per 
0.15 ft. errors, however, compensated remarkable 
extent, that the end 10, 20, 31, 41, 51, and miles the cor- 
responding accumulative etrors were only 0.03, 0.05, 0.04, 0.06, 
ft. per mile. The same engineer, Mr. Victor Reineking, next 
surveyed the Flambeau River with even better results, will 
seen from Table 27. 


Mr. 
Smith. 


| 
| 
— 


Per mile, 


ACOUMULATIVE ERROR. 


ACOUMULATIVE 
ERROR. 


Total. 


Per 
mile. 


Per mile. 


Error. 
Error. 


FLAMBEAU RIVER, 
WISCONSIN RIVER. 


Minus. 


Plus, 


ERROR IN STRETCH. 


STRETCH. 
Minus. 


Plus. 


al 
> 
i=) 
< 
S 
& 
So 
=) 
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TABLE TRANSIT LEVELING 


in’ miles. 
in miles. 


re 


No.of | Distance, 


check. 
No. of | Distance, 


check. 


1046 
Mr j 
Smith. 
Total 
4 
9 
7 
2 
7 
| 9 
0 
1 
4 
0 
4 
6 
| 1 
| 8 
: | 9 
| 7 
8 
9 
9 
3 
al 
1.14 1.77 ‘ — 0.68 0. 
4 0.01 . — 8.26 
6 0.53 —'3.68 0. 
an 12 os —1.16;|) 0. 
14 0.18 \ — 0.57 0. 
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TABLE TRANSIT LEVELING PESHTIGO RIVER. 


No. |Distance, 
check. | in miles. |~ 


woe 


The error was 0.22 ft. per mile, the average being 0.09 ft. 
per mile. the checks, show’ minus and plus 
This compensation, shown Table 27, The 
total accumulative error the end the 92.3 miles was only 0.26 
ft. 0.027 ft. per mile. 

Table gives the results transit leveling the Wisconsin 
atigles, with the result largest found this stretch. 
the remaining 168 miles levels, the average mile 
0.04 ft., and the total accumulative error the 200 miles 0.57 ft. 

‘The miles the Peshtigo River were, for 
the most part, rough, rocky, and heavily timbered country. The 
largest error per any stretch the smallest was 
ft., with average 0.09 ft. largest accumulated error 
was 1.64 ft., point miles from the accumula- 
tive error per mile gradually decreased from 0.09 ft. near the beginning 
only 0.02 ft. the end the 

perfectly manifest, from this record 400 transit 
levels, that for general preliminary surveys transit levels are amply 
without Wye-level control. “Such omission would have re- 
duced the cost the survey average $3.24 per mile. 

Very careful the most important elements cost data 
were kept, and are given Tables and 31. These elements, together 
with costs are Table The greater 
cost the Flambeau River work was due working the winter 
the ice. The winter happened one unusual severity, with 
very low temperatures and many deep snows. This resulted the loss 


Total 
miles. 
|Per mile. 
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Wisconsin.......... 18%3| 4.9] 4] 85) 4 85) 408 (2.16) 197.0} 2.5) 16 | 142) 15 } 135 


Totals and 
8988} 4.5 | 24) 220) 15 | 127 3.19} 487.0/2.86) 48 | 457) 41 | 442 


Nore Lost includes Sundays, holidays, and stormy weather. Miscellaneous 


about work days, which increased the cost $3.50 per mile 
survey. 

The were mapped scale 1000 ft. and 
published the Geological Survey scale 2000 ft, 
in. noted that the total cost 487 miles 
veys, including both field expenses, was only 
$9.85 per mile for both profile and plan with land sections. This 
work furnishes good example the adaptability the 
stadia method. 


Survey, 1905-06. 


Map PRo- 


Wiscopsin,.| 187.3} $403) $2.16, 197.0). $981| $4.97) 197.0) $171 | $0, $0.78 
Eau Claire. 0.0 0} 0.00; 25.8) 25.8 11 0.44 1.00 
Peshtigo... 40.0 194}. 4,85) 81.7 521). 6.86) 0.50) 0.70 
Black...... 69.3) 213) 8.10) 68.0; 213) 8.38) 68.0) 57 0.90) 1.10 
Flambeau. .| 102.0 467 | 4.58) 119.5}. 796) ) 6:69) 119.5) 0,90), 1,25) 
Total.....| 398.6 


Method—Transit and stadia, with Wye-level 
Scale—1 in. = 1 000 ft. - : 
Contour interval =,10 land and ft. water. 
lines located frequently. 


Mr. 
Smith: 
| i | | 
00 
00 
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OPERATIVE, WATER-POWER SURVEY WISCONSIN, 1905-06. 
office work. 
981 |4.97) 120) 11 160} 16 {0.81} 0.08 | 22 | 182) 25 | 210) 47 | 392 en Dugan. 
17 |6.87) 9 2 10,86) 0.06 3 18) 106 
521 |6.38) 82 8 $7; 8. 10.46) 0.04) 10 | 76) 21 | 221) 81 | 297 
P48 51 6 10.80} 0.10 | 10 | 90) 2 18| 12 108 Reineking 
768 16.438) 94 12 0.80) 0.10 | 24 | 264) 14 54/ 88 | 318 
2695 $51} 39 [0.72) 0.08 | 76 | 700) 65 521)141 | 1121 $4 355 


time includes traveling and all causes not included 


and absence from his all his records are kept, the writer 
can only review the discussion this paper The interest shown 
the members the subject has been gratifying. 

Mr, Landreth brings out quite plainly the between the 
number shots per square mile and the cost. His figures, however, 
would expected, show that the cost does not increase direct 
ratio the number shots. With times many shots 
the described the writer, his cost was only times much 
per square mile. course, conditions brush, may have 
affected the relative cost the two pieces work. 

After further study, the writer inclined agree with Mr. Brown 
that set the maximum errors too high, and will modify his state- 
ment that read: 

are material distances apart, tolerated, the stadia offers most 
handy method work.” 


Beyond this, cannot go. The Cincinnati surveys must have been 
most thoroughly triangulation. the writer 
not how made, which would scale closely 
conditions has found that map paper swells 
when that the swelling crosswise sheet 
may be' twice that lengthwise, that the map distorted, and measure- 
ments distances’ cannot checked the limit mentioned 

The rod used permitted readings, under 
conditions. ‘The work done manner, 


Mr. 
Follett. 
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might inferred from Mr. Brown’s 
which were considered proper for obtaining data for map 
were adopted and enforced. 

The writer regrets that did not note the table page 235 
General Barlow’s report, and reproduced Mr. Table 
25. took the distances between monuments from the official report, 
signed all six each side—supposing. them 
correct. gratifying know that his chaining was good. 

the Brandis transits used this Barlow work fell the 
writer, and used them extensive survey the lower Rio 
Grande 1897-98. They were source constant the 
stadia wires would vary slightly their intercept and neither was 
the interval 100, nor was the middle wire half way between the 
other two. Frequent interval determinations were necessary. 

The use the needle, suggested Mr. Smith, does not 
appeal the writer, except for very rough preliminary surveys. 
does not believe that ‘any can read needle closer than 
are, and his error 10’, and error will introduced which 
many times that which from the neglect The 
diurnal variations will also affect the needle readings. This may 
for very rough work, but not where fair degree accuracy desired. 

was not the writer’s intention intimate that sent instru- 
ments the makers for adjustments other than that the stadia 
wires. fact, has never sent instrument the maker for 
any adjustment. the stadia wires did not subtend 100, 
used reduction table. merely suggested the expediency having 
wires reset. 

The the paper criticized was the ignoring 
and the absence interval determinations. The writer should have 
stated intervals the transits used the stadia work, were 
tested the beginning and the close the survey, and that one, 
with which the instrumentman did not get good) the 
other men, was tested two three times the the 
work. 

would enquire how man reduction table when, 
the hubs having been accurately set steel tape apart and; the 
memory serves him, about 0.3,m.) back the first hub, the instrument- 
1.00 the hub, and when the other men, 
used the survey result. was known that the intervals 


| 
£ 
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the other two were not 100, but, they were not used 
stadia work, their intervals were not determined. 

the writer’s opinion, sufficient show its 

The writer agrees with Mr. Brown that the quoting cost data 
any work, stadia other, dangerous proceeding unless all the 
conditions are fully stated, and that even then may misleading. 
cannot, however, imagine any case where would feel justified 
spending from 000 per sq. mile, even the first amount 
stadia survey. property valuable that such expense 
making survey justified, then some method more accurate 
than stadia should used. 


Mr. 


Follett. 
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This Society is not responsible for any statement made or opinion expressed 


Paper No. 1302 


REINFORCED CONCRETE RESERVOIR 
AND COAGULATION PLANT ST. LOUIS, MO.* 


Before describing the design and construction the reservoir and 
coagulation plant which are the subjects this paper, short ex- 
planation the water-works system which they belong may not 
amiss. 

The City St. Louis has guarded zealously the right supply 
water its citizens, but has power prevent the owners 
riparian rights from taking water from the river and leading 
industries the river front, streets, alleys, public places are 
crossed entered the pipe lines. Thus, there has developed, 
connection with the Anheuser-Busch Brewery, that city, water- 
works system with capacity more than 6000000 gal. per day, 
sufficient supply the needs city having population 
people. 

The city perhaps justly proud the improvement made few 
years ago the quality its water supply, which improvement was 
accomplished the simple process dumping into the water suitable 
chemicals which hasten sedimentation. This just pride should 


* Presented at the meeting of February 4th, 1914. 
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years before the city fathers could prevailed adopt modern 
methods, the Anheuser-Busch had out the 
water supply from the Mississippi River and 
the use chemical coagulant and filtration—a further refine- 
ment the method adopted the city. 

The water-works the Anheuser-Busch Brewery are the river 
front, south Dorcas The water taken from the Mississippi 
through two 20-in, cast-iron intake pipes, and siphoned 
two intake wells, which pumped into settling flows 
gravity through the settling tanks, thence through the filters, and 
then pumped into the distribution system. 

The low-service pumps are brick pit, ft. diameter and 
ft. deep. There are three centrifugal pumps having combined 
000 000 gal. per day, and one triplex, direct-acting pump 
having capacity 2000000 gal. per day. 

There are two steel settling tanks, ft. diameter and ft. high, 
one circular concrete reservoir approximately 150 ft. diameter and 
ft. deep, and.one reservoir having capacity 

The filter plant comprises six Jewell filters, cireular plan, each 
and three Reisert filters, recently completed, which 
are rectangular plan, each being approximately ft. 

Chemical Treatment.—The water settled adding sulphate 
aluminum (alum) and lime. special three-story reinforced concrete 
building provided for storing and preparing the chemicals. 

The hopper for storing the ft. high, and has 
the third floor the hand-cars the alum. 

The alum dissolved concrete tank, and fed the 
gravity. This alum tank divisions, each 
The lime slaked iron tanks the third 
floor. tanks are rectangular, ft: deep, with sloping 
which the lime and partly submerged ft. water. 
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which about hour, the attendant the 
mixture, which passes the perforated bottom 
‘tanks below. This milk lime stored three 
eylindrical iron tanks, ft; diameter and 18. ft. conical 
the tank holds about gal. water, giving solution. 
these tanks the milk lime kept agitated ‘compressed air 
the bottom through perforated pipe. 

The flow both the alum and lime solutions 
orifices operating under fixed heads. milk lime 
pumped the supply pipe settling tanks centrifugal 
general rule, the lime added the water first 
settling tank, and the alum the water the second settling 
tank. 

maximum consumption water during the 
summer about 6000000 gal. per day, which 
alum and 5600 lb. lime are required, about grains alum 
and grains lime per gallon water. 

The water used for boiler purposes, for condensing and cooling 
connection with the ice machine, well barrels, 
natural prejudice against water taken from the river the outlet 
the large city sewers. 

Concrete Reservoir.—Reverting now the 
conerete recently completed: After due consideration 
the various possibilities the shape and location the reservoir, 
circular shape was decided on, and the diameter was made large 
the water the old settling tanks, which operate 
with the new. reservoir; and the bottom was placed low 
to: pass. below the fill cinders and rubbish, and silt. 

Estimates made the comparative cost steel tank 
gate-house, and. accessories common designs, the tank 
was estimated cost and the reservoir, 
$30 concrete reservoir was have some 
requiring painting, and follow the latest fashion 
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had influence; all events, was decided reinforced 

in. above the ground. The capacity approximately 250000 gal. 
wall which starts ‘at one and 
passes. diametrically within ft. the; other, side. The 
object this partition make the entering water cireulate around 
the reservoir before reaching the outlet. The diameter the intake 
and, outlet pipes .is waste pipe in, The 
outlet pipe has float hinged joint, that water always taken 
from near the surface. The valves controlling the flow are gate- 
chamber outside the reservoir. 

directly the. river silt. and reinforced, two directions right 
reinforcement each way. 

top this foundation rests the bottom the. reservoir, which 
in. thick and reinforced manner similar the foundation, 
except that the bars are square and in. from center center. 

The top the foundation was coated with thin layer coal-tar, 
the object being provide for expansion and contraction the bot- 
tom independent the foundation. 

the base, ft. in. the ground line, and in. the top. The 
pressure the water carried hoop tension, the side-walls being 
with corrugated round bars, under the 
assumption that ‘the concrete carries There are three lines 
1}-in. the bottom and two lines 3-in. round bars 
the top, the sections being varied from bottom top 
was the safe side, excess steel was used, making 


the stress square somewhat less than that originally contem- 

thickness the concrete wall each point that 
the would not stressed more than 290 per sq. under 


| 
| 
| 
| 
| 
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the assumption that vertical cracks would 
sion. Assuming the modulus elasticity steel and 
concrete the actual maximum stress, vertical cracks 
develop, will per steel and 290 sq. 
conerete. 

The following formulas were determining 
and spacing the steel bars and the thickness the concrete. 


Area bars, square inches per foot height wall; 

Thickness ‘of concrete wall, inches, the point 

Water pressure, pounds per foot, the 
selected 


Stress steel, pounds per inch, allowed, under 
assumption that the carries tension; 

concrete, pounds per square inch, allowed; 

Area, square inches, steel each layer. 


The area the bars required per foot height wall 


The vertical distance between the layers bars 
The the eoncrete wall any point 


The were held position, angle-iron 
the sides the angles being punched accurately with for 
the insertion the wires which tied the bars the frame. 

ft., and were, spliced forty diameters and attaching two 
Two tests were made each diameter bar used, one with bars and 
clips without any mortar, and the other with the same joint embedded 


cement, mortar the same mixture that used for the walls 
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Plates 
Bolts 
CROSS-SECTION AT OVERFLOW 
Overflow to be Located as Directed 


10 spaces at 


LADDER ANCHOR STRAP 
Ladders Required 


Down-spout 


Ladder 


18 Brick Wall 


4 Rein forced Concrete Partition- 
12 Pilasters-10'0’Centers. 


a2 


SECTION OF SEWER INLET 
AT CENTER OF TANK 


spaces at 


Uniform Slope to Elev. 95.0 at Center of Tank 


MUL 
Twisted Bate-24 Centers 77 oY 


CROSS-SECTION 


Elev. 90.0 ‘ 


SECTION VALVE-HOUSE 
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the presence the mortar did not add mate- 


from 18000 and the ultimate the joint 


from 000 000 Ib. 


Table the results the tests. 


Began 
Kind of bar. aitonine. Broke at. 


1- eG round bar, roe 75 600 Ib. 1-in. slip at 18 000 Ib. 
with mortar. Mortar broke 
round bar, plain 
with, mortar. 
round bar, ‘plain 
with mortar 
round bar, plain 
with mortar,. 


At. the with the bottom, knee-bars are 


provided reinforce this connection. bars, are 1-in. square and 

part. cement, parts sand, and parts limestone screenings run 
water-proofing barrel The composition this 
follows: 


Silica 

Oxide iron. 
water 
Gelatinous material.. 


734 cents per bbl. cement. 

forms for the side-walls were built tongued 
and flooring, with 6-in. vertical studs about ft. from 
center. The studs the opposite sides were fastened 
with iron wire passing through the forms. These wires were approxi- 
mately ft. apart horizontally and ft. vertically. 

eoncrete was placed the forms with tower and dump- 


Remarks. 
| 
| 
| 
1.5 “ 
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toward the center from all being the 
The slope toward the center could not made more 
than 75, being limited depth the sewer which was already 
built. order facilitate the sediment, therefore, the 
bottom was laid out series star-shaped 
Plate XIX, each mound draining into shallow gutter. Hose con- 
nections furnish water under pressure for cleaning out. 

Bond precaution was taken obtain good 
bond between the successive layers The old surfaces were 
with brushes and stream water. addition, 6-in. strips 
corrugated about in. thick, were placed vertically the 
joints. spite these precautions, when the filled, 
small leaks developed along most the joints, and was 
quite extensive. These leaks appear closing gradually, and 
probable that the course time they will disappear entirely. 
The intention, however, reservoir and joints 
with some water-proofing 

After completion the outside the wall was rubbed 
dum ‘blocks and brushed with cement mortar. 

The reservoir was the writer’s company, and built 
under contract the Fruin- Contracting Company. The cost, 
including pipes and accessories; was approximately $52 000. unit 
prices and total cost the various classes work were follows: 


Plain concrete, Class 58.2 cu. yd. $4.00......... 232.80 


Reinforced concrete, 12-in. base, 759 cu. yd.. $5.00. 
side-walls, 1178.3 cu. yd. 961.30 
Reinforced concrete partition, 120 cu. yd. 
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concrete been for the construction 
tanks and stand-pipes, because was would 
economy, both first cost and and such 
aré generally high ground, seen’ from 
and was hoped that architectural effect 
been realized, latter, not account material, which 
admirably suitable for atchitectural treatment, but 
failure truly water-tight the marring 
the surface structure the moist spots, due 
that the chief difficulties are: 

Poor 

under hoop 

Horizontal cracks between days’ work, difficulty 
ing old and new concrete, and the fact shrinks 
vertical steel necessary for the hooping rods; and 

The formation horizontal crack, about ft. above the base, 


remedy for the good. materials and 
solution the second difficulty has been proposed Andrews, 
Am. paper New Theory for the Design 
presented before the Boston 
Society Civil Engineers This the method followed Mr. 
Flad the design the St. Louis tank. The writer desires call 
attention the fact that Mr. Flad, however, has used working 
tensile for the limestone concrete 290 per sq. 
in., which appears excessive. must borne mind, course, 
economy demands the use low factor safety, say 14, for the 
depends the steel; but this figure, 290 has been 

which base satisfactory working stress. The tests. that have 

Journal, Assoc. Eng. Soc., Vol. XLVI, 1911, 391. 
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experiments reinforced concrete tension, and concluded that 
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the action the reinforcing stéel was distribute 


later, however,, this the tests; Considére’s 
which failure stress the concrete, based on, the 
few tests had made, which gave average 281 per, sq. in., 
by, increasing his test value and 10%, which gave him 
which considered the ultimate strength for large reinforced 
specimen, and. lb. was sufficiently lower than this 
the design, The increase 25% was allow for “the usual in- 
justified any tests yet made, but Mr. rather 
low values. The following stresses are estimated fair for 


the quality ‘of concrete used tank work: 


Ultimate strength, 


350-450 

200-300 
300-400 


cept pouring one should possible. 
eopper strips dams, much remedy this trouble. 

The formation horizontal: crack, where the bottom 
the lower part the the tank preyented. from stretching 
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under the due the restraint the bottom Mr, 


Mr. Flad’s design the. wall acts cantilever carrying the water 
pressure, and little tension exists, why this 
method carrying the bottom has been followed 
most There reason for not tank 
simply vertical section pipe resting on, but independent of, the 
the investigated, course, for the effect 
wind and also upward, pressure,. the 
majority cases, this joint will always show ample pressure. 

The writer has used the form shown Fig. design 
for his students,in reinforced concrete, and learned that Mr. 
Niagara Falls, has made tests the type joint 
actually constructed the No. Surge Tank: Ontario 
Power this This tank 704. high and ft. 


diameter, and cracks have developed. The writer understands 
that thin coating clay was placed under the walls before 
the wall concrete was deposited. 


the writer. knows, this the largest reinforced concrete reservoir 
America type which the hydrostatic pressure resisted 
Ting tension; more than usual interest the 
Profession. 

reference reservoirs this type, approaching 
such size, the writer has always felt importance 
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the shell the bottom not always fully ap- 
preciated the designer, especially it, more than, 
any other elemient design, depends the success the completed 
structure. The importance evident the 
fact that such reservoir, 150 ft. diameter, the when filled 
0.92. in. 

Thus far, attempts ‘been made this feature 
the design. distinct methods, however, have been evolved 
practice take care the shell. one, the ‘bottom 
fully constructing this settling tank. 

the entire bottom, which, must 
adapt itself the increase diameter when the reservoir full. 
This reinforced bottom must designed that can 
ing cracks sufficient extent impair its water-tightness. ‘There 
every reason the elongation the bottom not dis- 
tributed uniformly, the bottom stressed most its outer 
portion and very little, any, its central 
distribution would tend give radial elongations the outer cir- 
cumference bottom considerably greater than the average 
value. that long the quite thin 
and reinforced all directions with least 0.5% steel possessing 
high elastic limit, such bottom can maintained practically 
water-tight. Ordinarily, such heavily reinforced thin bottom must 
supported rigid and smooth foundation such way 
permit free expansion possible. The bottom the cylindrical 
shell must also heavily reinforced resist the stresses due the 


more economical type expansion joint be- 


tween the shell and the bottom, permit the shell expand 


irrespective the bottom. This latter form construction has al- 
ready used some extent circular tanks relatively small 
diameter. discussion this point invited, the use such 
expansion joints tanks large size, proven successful, will tend 
more economie form construction. 

Another point which there appears wide difference 
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pr Potter. 

for the proper the wall based 

the assumption that vertical cracks are not likely 

unit stresses assumed, the reduces simpler form 
that thickness the concrete must 42.7 times 

the area the steel per inch height wall, thus the 
steel reinforcement the shell 2.35 per cent. 

The assumption which the: foregoing results are based appears 
arbitrary There are any number existing structures 
which the ratio steel conerete exceeds and which 
the conerete remains practically. Perhaps the most 
striking example can found cement-lined, wrought-iron’ pipe. 
such pipe the steel frequently high 10%, and 
yet, under the high unit stresses which the shell 

often subjected service, the cement lining possesses sufficient duc- 
tility intact after years service. such 
pipe have been removed the writer from distribution mains, the 
lining being found perfect the day when laid. There are 
which the ratio steel the shell exceeds 2.85%, which 

circular reservoir, the concrete performs two dis- 
functions: the structure water-tight; and 
resist, combination with the steel, all stresses due bending 
moments which are likely develop the more less rigid 
ture, The the concrete lining required for water-tight- 
ness, theoretically, entirely the density the con- 
crete and the hydraulic head which will Theo- 
retically, would possible use very thin concrete 
section, the concrete and water-proof, and the steel 
reinforeement spaced. not found practicable, how- 
ever, To. truly circular reservoir impossible. 
the Jack sufficient flexibility the part reinforced 
heavy moments are set the shell, due to. ir- 
regularities shape, and must resisted the concrete 
one row reinforeing bars,. the moments 
crete section when two rows cireumferential reinforcing ‘bars 
limit the percentage steel, reinforcement the The 


designing the shell. The author dérives the formula, 
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given him, therefore, based apparently arbitrary assumption, 
appears conservative, especially when two rows steel rein- 
forcement are used. With only one row, may advisable limit 
the ratio steel: concrete 1%, .reservoirs large 
diameter. 

most engineers are, perhaps; more interested the general 
subject water purification than details 
crete design, the writer takes the liberty, without fear pro- 
longing. the discussion, the tank operating 
standpoint. 

remove the settled solid matter settling 
necessary draw off the water and place the tank temporarily out 
the water such that will need treatment when ‘the 
entire settling capacity. the water purification plant most: needed 
for efficiency. Unless such are cleaned out regularly, the sludge 
deposits will greatly reduce their settling capacity, 
the efficiency the settling process. 

The writer has always been ‘of the opinion that the 
suspended and precipitated matter can removed 
tervals, without with the operation ‘efficiency ‘of the 
tank, possesses considerable advantages over one which must emp- 
tied put: out remove the deposited sludge: 
operating continuously has number advantages one 
size the settling ‘basin the settling process carried 
intermittent which basins are used, ‘decreasing 
erated continuously, its capacity practically always available. This 
not the case with the intermittent type. 

settling tanks Without interfering with 
the operation and efficiency the the sludge removed daily, 
and semi-liquid condition, before has had time 
Settling tanks this type have used the writer 
tanks), and also the settling tank Muskogee, all these 
tanks, the sludge removal ‘having the bottom the 
settling compartments perforated with holes not 
more than from center center all directions. These holes 
Quick-opening valves are used regulate discharge, and 
when system ‘is well designed the possibility the 
becoming very All these plants are now suc- 
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cessful operation. The oldest McKeesport; and has been 
tinuous operation since 1907. 
The cost properly under-draining. tank that can 

kogee settling basin,* constructed reinforced concrete, 212 ft. square, 
ft. deep, and holding was built for contract price 


choice circular tension-ring type tank, this de- 
sign, leads the thought there must some economical divid- 
ing line such that tanks smaller diameter are more economically 
built with tension-ring wall, and those larger diameter are most 
economical when built with 

actual practice the most economical style will depend largely 
the particular details design adopted, the unit stresses, the as- 
sumptions actions the, various parts, arrangement metal, 
thickness. walls, the nature and other varying data. 
There is, however, general relation which can established which 
shows for ordinary conditions the maximum 
diameter for which the .tension-ring type tank adapted. 

Assume ideal theoretical tank with tapered concrete walls 
zero thickness the top water level and maximum thickness the 
bottom, and assume that the active metal all cases the 
cross-section the concrete, measured from the face the concrete 
the steel. Assume that the active steel all cases exactly equal 
to.the theoretical quantity allowance for laps bonds; 
assume, also, that the steel right angles to, active used 
counteract shrinkage temperature stresses, transmit stresses, 

the same for the two types. these conditions the only 

For the tension-ring 


= 


and the yolume per foot. periphery 


of the American Water Works Association, 1912, 


| 
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For the cantilever-wall type: 
before, the total pressure acting the above any plane 


The moment the pressure that plane, 


For the assumption metal and ratio modulus elasticity 


For the dividing line, which the required steel the same for both 


types 


The general relation appears then that the maximum economical 
diameter the type tank times the square root 
the water depth. This relation will modified 
several elements not considered the For instance, 
the quantity steel bond the cantilever wall into the floor 
tank has not been considered; and, this somewhat more the 
type than the type, correction this omis- 
the cantilever-wall type possible and economical make the 
thickness the wall greater than assumed the equations, 
that the percentage metal less than The addition this 
condition will favor the type. 

Applying this relation Mr. Flad’s executed reservoir, with the 
bottom the wall Elevation and high-water line Elevation 
128, and depth ft., appears that the maximum economical 
diameter would 134 ft. Mr. Flad’s tank somewhat larger than 
diameter 150 ft.; some conditions stated 
his paper which amply and ‘justify his 


‘ 
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The foundation stated river silt, and doubt ill adapted 
support cantilever retaining walls satisfactorily. obvious that the 
the use additional steel. reinforeement. 


Mr. 


ratio the coefficient elasticity steel and concrete 10, which 
would seem low enough for any purpose, and sufficiently safe. 
Then, the formula for the the writer understands 
correctly, the author seems use ratio making the tension 
the steel, for 290 lb. per sq. in. concrete, only 2610, instead 

would interesting know what the comparative cost would 
have been if, instead proportioning the thickness the concrete 
the theory used the author that vertical cracks would not develop 
the tension limited 290 per sq. in., the concrete had been 
made with uniform and minimum thickness from top bottom and 
with separate water-proof lining inside. Unless there consider- 
able saving cost, the separate water-proof lining would appear 
have the advantage the other method, ‘the ground ‘of many suc- 
cessful precedents. 


relating the paper under consideration which the speaker has been 
asked discuss, may interesting describe the recent partial 
failure the concrete Ambursen 1912 and 
1913 across Stony River West Virginia, for the West Virginia 
Pulp and Company. 

the fall 1911, this company engaged the speaker’s services 
Engineer examine the site selected for. dam, 
report whether was this recommend the 
type should constructed. The dam was built 
depth rock, the cost masonry dam was prohibitory. There was 
suitable material available for earth dam, and therefore the 
built, 

After number test pits had been dug and some borings had 
been made, four construction companies were submit plans 
for the dam and bids for its construction. Before doing so, each 
these sent, representative.to site the dam 
and the test, pits.. The submitted have been fully 
Each company bid lump sum for dam 
with cut-off wall down certain assumed probable Below 
this the cut-off wall was paid for the cubic yard. 


Engineering News, September 1912, 
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mum height about ft. above the surface. The lowest bid was 
Construction Company, Boston, was $189 view 
the fact that the latter company was the only one the four, bid- 
ders which had built large number reinforced dams, the 
speaker recommended that the Ambursen Company engaged 
make the plans for the proposed dam, This was done.. The contract 
for building the dam was awarded Mr, Webber, insure that the 
work would properly done, the Paper Company engaged one the 
engineers the Ambursen Company constantly the ground 
during the construction. 

Mr. Webber began work the west end the dam and built about 
half the structure. The work was then taken away from him, the 
progress made was not satisfactory, and the dam was completed 
the Ambursen Company plus certain percentage for profit.* 

appears that for about 200 ft. from the west end the dam, the 
cut-off founded hard clay, and was made only ft. deep 
below the floor the This shallow wall built 
where the water was from ft. deep. For the remaining 
length the dam, the cut-off wall was founded rock. 
the dam has remained 

The failure was caused finding its way under the: cut-off 
wall, through permeable, narrow seam stone, sand, that 


two deeper, would have intercepted this 


The water that passed through the seam showed the weep- 
ers the floor three four days before the failure occurred. 
watchman, left charge the dam, did not realize the danger 
this leakage indicated. was only day before the failure, 
Luke, Md., about the leakage, was steadily increasing 
ume. 

that raging and the temperature was 10° 
below When the Superintendent arrived, the following day, the 
dam had been undermined and about lin. ft. the structure was 
destroyed. 

The accounts this failure which appeared the daily news- 
papers were greatly exaggerated. reservoir stored 
gal. From the dam the Potomac River, Stony River 
flows through wilderness, the only building ‘being trapper’s hut. 
The damage done, exclusive the destruction part ‘the dam, 
slight. 


*The manner fn which the dam was built is described in Baginsortng News, of January 
22d. 1914, and the same issue there.is account failure about lin. ft. the 
dam, three or four months after the reservoir was filled 
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The failure was evidently due to: cut-off 
the Paper Company and the had assume certain. depths 
which the cut-off would built. depth was 
made the top the floor of. the the the 
structure, ft. where the depth water was from and 
the wall carried,down rock the center.of the valley. 
each end the dam sheet-piling was shown. The depth which 
the cut-off wall.was built had determined, during 
the construction. 

actually built, was founded rock for about 
three-quarters the length the dam, and for the remaining length 
was made only, ft. deep below the bottom the floor the dam. 
sheet-piling 

The speaker’s connection with the work ceased when. the contract 
for building the dam was awarded, which ,was before the plans pre- 
pared the Construction Company been 
received, and had, nothing with the construction. 


that the working tensile strength allowed for the concrete, 290 
per sq. in., excessive. correct his statement that Mr. 
Andrews advises the use this stress for 1:1:2 conerete. The writer 
unable state definitely this date the line reasoning that led 
tention was use conerete, the stress 
Mr. Andrews, and, later, was decided use mix- 
ture, was concluded that the stress 290 lb. would well within 
the probable ultimate strength that concrete; moreover addi- 
tional factor safety was provided assuming high value for the 
modulus elasticity the concrete. the structure built 
vertical cracks have been observed, still evidence 
moisture some the horizontal joints, due probably failure 
clean the old surface properly depositing new eoncrete. 

The construction suggested Mr. Mr. Potter for the 
joint between the side and bottom the tank appeals the writer 
improvement, except for the difficulty making this joint water- 
tight. the design St. Louis Reservoir, the stresses this 
point could only determined approximately, there being combina- 
tion cantilever action and hoop tension, and, respect also, 
because the extra expense involved, the design inferior one 
containing expansion joint the junction the side with the 
bottom. 


The arrangement for the removal sludge while operation, sug- 
gested Mr. Potter, would have been doubtful benefit for this 
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reservoir, there are two preliminary tanks, 
each ft. diameter and ft. high, through which the water passes 
which the greater quantity the before 
the water enters the concrete reservoir; there difficulty about 
cleaning the reservoir times will not inter- 
fere with operation the plant, and. the proportion water 
sludge required cleaning probably less than would ‘be required 
with the plan removal during continuous operation. 

gratifying note that Mr. Buerger’s interesting comparison 
designs containing cantilever walls with those providing ‘for tension 
rings leads the conclusion that the design selected, wit, the ten- 
sion-ring type, was practically justified, his theoretical determination 
economical diameter for the question being 134 ft., 
whereas the actual diameter 150 ft. Mr. Buerger surmises, the 
nature the foundation available was really the controlling feature 
deciding between the two types reservoirs. 
tion the load was considered paramount importance. 

Mr. Buel seems error stating that, according the 
formula given for the thickness the concrete wall, the ratio stress 
the steel stress the concrete The formula supposed 

quantities and dimensions the letters used the 
paper 


which the formula given the paper. 

The description Mr. Wegmann the construction and failure 
the Stony River Dam emphasizes again the desirability carrying 
cut-off walls rock impervious Happily, the failure 
was not serious first reported, but tender morsel 


for. those interest, were the 
Ambursen Company. 
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(1) ENGINEERING ORGANIZATIONS FOR 
HIGHWAY WORK. 


vital importance, because incompetency, dishonesty 
the handling highway work may cause larger percentage waste 
funds than almost any other class work. However excellent 
the personnel the organization may be, there will much waste 
unless all parties work harmoniously, steadily, and efficiently toward 
the end view. There the further difficulty, that, the organiza- 
tion not reasonably harmonious, many the best men will become 
disgusted and resign, which would make doubly hard secure 
others take their places. The perhaps best studied 
taking concrete example, such the Pennsylvania State High- 
way Department. 

The Department was first organized Act the Legislature 
1903. The Act, however, was amended from time time until 1911, 
when entirely new one was passed, known the “Sproul Act”, re- 
organizing ‘the whole Department, that its functions may now 
divided into three classes. 

(1) The Department, the expense the State, improve and 
maintain, funds become available, about 800 miles roads, mostly 
main thoroughfares, set aside the 1911 Legislature, which the 
Legislature 1913 added about miles. 

counties, townships, and boroughs, funds become available, State 
pays one-half the expense, the. other half being borne equally 
the county and township, county and borough, the case may be, 
the Department: having entire charge, 

(3) The Department, under Legislative Act 1913, has tech- 
nical jurisdiction over all improvements on: about road 
addition the 10000 miles previously mentioned, and these roads 
are under the control the Township Road Supervisors acting 
their respective townships. The Department also has charge the 
purchase road-building machinery, exceeding certain amount. 
Contracts pertaining work this class are not valid unless ap- 
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the Department: State bears one-third the expense 
and boroughs, under more complete control. the De- 


partment. 


For handling such extensive enterprises, involving the expenditure 


(1) The appointment commission consisting three more 
members, who shall formulate ‘all general policies and appoint officers 
carry them out; 

(2) The appointment single head, with advisory 

The appointment single head, without advisory council, 
except such chooses accept from his subordinates for special 
purposes, the Legislature itself determining the general policy the 
Department. 

the first method that the united knowledge and 
experience the whole commission available for the settlement, 
disputed points and questions The disadvantages 
debating club, which seldom accomplishes much 
nated one man who, being with difficulty 
vented from abuse power. third disadvantage this 
that competent commission for such purpose, is, usually composed 
very busy have many other interests, making extremely 
tions with the promptitude the most; effeetive prosecution 
the work, particularly their salaries are much less than 
the real value their 

The, principal advantages the second are the 
adyisory council usually have adequate salary, and 
can meetings the other hand, being 
subordinates, they, will have little power, and will therefore take but 
little interest the work. 

The third, method, which all authority vested single head, 
constitutes reality a.despotic rule, which far the most efficient 
provided the proper man placed the position and prevented 
from any misfeasance this shown 
fact that all military organizations from time have 
been under the control single heads having despotic power, except 
that modern warfare civil authorities have the right deprive him 
and business concerns are under the control single 
sylvania State Highway Department plaeed under single head, 
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whose powers are limited the ordinary laws 
and the Act under which appointed, which designates the 

All contracts are approved first the Highway 
the Governor and Attorney General, All ‘appointments. the 
higher positions are approved the Governor. All 
audited the Auditor General. Such these 
should sufficient prevent the head the Department 
using his authority making appointments and from the misappro- 
priation any funds. 

Under the above-mentioned Act, the Commissioner absolute 
control the administration his Department, assisted two 
Deputy Commissioners, also under his control. 

The First Deputy Commissioner, addition assuming the duties 
the Commissioner during his absence, charge the Bureau 
Township Highways, and also the granting permits for special 
uses all public roads outside 

The Second Deputy Commissioner, addition acting 
assistant the Commissioner, has charge the licensing motor 
vehicles, and the enforcement State laws relative the use such 
vehicles State roads. also has charge the finances the De- 
partment. 

The Chief has immediate technical and executive 
over the whole Department excepting the Automobile 

There auditing staff headquarters, performing 
the duties with such positions. 

There Engineer Bridges, who has technical charge all 
bridges and culverts. 

There Superintendent Signs, and Superintendent As- 
phalt Construction, whose duties need description. There also 
Division Tests, Division Statistics, charged with the duty 
the Department. 

are fourteen Assistant Engineers, who have technical and 
executive control over their respective Districts, but who act only 
technical capacity township road work, and additional Assistant 
Engineer acting office assistant the Chief Engineer. 

The maintenance State roads charge Maintenance 
Engineer, subordinate the Chief Engineer, and charge fifty 
Superintendents, whom has ‘charge’ the maintenance all 
roads his respective district. Superintendents, acting under 
the direction First Deputy Commissioner, also have immediate 
technical chatge township roads and bridges, and are required 
all plans road improvements carried out the 
Township Supervisors, whom are about 
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All bills approved the various heads under whose jurisdiction 


they have been incurred, and are then Department 
Auditor Auditor General the State, impos- 
sible any .considerable misappropriation funds. payments 
contracts Assistant Engineer, the .Chief 
the Department Auditor, the Commissioner, and the Auditor 

All surveys and plans are made the staffs the Assistant En- 
gineers, and the Chief Draftsman and his staff, located 
They are then approved the proper Assistant Engi- 
neer, the Chief Engineer, and, the Commissioner, Plans for bridges 
and culverts are made and checked the Bridge Division, and 
proved the Engineer Bridges and, the Chief Engineer. 

Thus will seen that all matters are. passed 
least. two competent men, who are. entirely familiar the 
conditions surrounding each case. 

All contracts approved least three men, addition the 
Attorney General the Commonwealth, and all payments contracts 
are checked and least three men before finally being ap- 
proved the Auditor 

All work done under contract under the direct supervision 
Inspector the work, who thoroughly conversant with the details. 
Such work approved the Assistant Engineer and inspected gen- 
erally from time time the Asphalt Superintendent and Engineer 
Bridges, each acting his respective capacity, also in- 
spected the Chief Engineer. 

Thus serious error design construction, the loss funds 
through misappropriation, ignorance, criminal waste, effectively 
prevented. 

Furthermore, nearly all the work done under the eye and the 
expense the public, whom very considerable number more 
less familiar with road building, and who, appeal the press, 
the Courts, public could short any gross incompetence, 
negligence, dishonesty employee official. 

The Act provides that funds for the improvement and mairitenance 
all highways, other than Township Dirt Roads, shall distributed 
equably possible throughout the sixty-six counties ‘of the State, 
which effectively prevents the Commissioner from showing 
partiality toward ‘any portion the there 
out the orders issued higher and, the same time, 
the decision there ‘always one of: competent 
knowledge whom: can turn 

Commissioner, and are other approval, except the 
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few the higher positions, which are subject the ap- 
the’ Governor. 

that the Commissioner given freedom 
making these appointments, because, ‘when men having considerable 
authority scattered State, absolute loyalty 'the 

the same time, many the positions require high degree 
portant that the far possible, beyohd 
the reach “political For this purpose has been’ decided 
that, the future, far practicable, all the higher positions 
filled ‘promotion, after careful into the candidate’s 
technical and experience, well careful inquiry into 
his previous record, order ascertain his executive trust- 
worthiness, resourcefulness, tact, and general ability 
out all with whom comes contact, whether ‘superiors, 
subordinates, equals, strangers, these qualities, least for the highér 
positions, being really more essential degree 
skill knowledge. 

results expected him those whom accountable. 


two months ago search for literature “Municipal. Highway, Engi- 
neering Organizations” was made the Library force this Society. 
This search covered the past years, and only one article dealing, 
been some public including organization 
charts for highway departments, sometimes “street depart- 
ments”; and some papers and reports 
that. the officials making the best the conditions under 
which they are operating, but they outlining and dealing 
with, existing, organizations, without comment. 
reasons for paying little attention the. end 
gineering division, from business and 

Highway engineering not new, and considerable result- 
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but this advance:has been the efforts few engineers 
working disadvantages, through lack co-operation 
Engineering Profession and the. that highway engineering 
been considered seriously engineers body only within ‘the 
past few The highway work, large percentage munici- 
palities has been handled classes of. officials from’ many 
for the work), city engineer who has busied him- 
self with water, bridge problems, the nature which di- 
verted his attention from highway work. ‘The much 
detail engineering nature that not apt one 
who wrapped the problems pertaining other branches 
the Profession. highway work was allowed drift along 
until the highway department was considered the 
the politician, and, still worse,. only. has been used some 
business administrations throughout the country parcel few 
jobs men probably deserving some recognition; consequently, the 
highway bureau has been made through the appointment 
men conspicuously unfit this policy mistake 
public alive the situation, and recent developments have proved 
that more people: can and satisfied through engineering 
highway organization conducted high plane, than through any other 
branch public adequate organization, however, 
successful highway administration dependent conducting and 
ganization commensurate with the demands it. 

The view the highway department was expressed only 
recently leading political light one the largest cities 
who stated that the highway inspectors his city were all 
right because “they, used truck drivers and consequently knew 
the streets pretty well.” This statement was made all seriousness, 
and engineer. small wonder, then, that many highway 
organizations reflect credit our municipalities. fact, 
remarkable that the few engineers who have devoted their lives 
this great ‘work should have succeeded producing many good 
pavements, for these there has very little improvement, far 
the standard types are within the past few years, 
since engineers have become the subject. 

has been said concerning municipal highway organi- 
zations and inexperienced officials, who, instead employing 
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experienced engineers plan their organizations, attempt 
often write articles the only too fre- 
quently are misleading, they are not based good engineering judg- 
which are necessary planning such organizations the 
man familiar with business organizations for 
work can plan highway any other kind of: organization, 
but not without the advice one familiar with all the functions and 
work coming under the jurisdiction the 
Therefore, becomes necessary plan highway organization, 
far better have the services engineer versed 
organization and familiar with the other words; the most 
the quickest, the surest means attaining the 
undertaking pick man whose qualifications come 
nearest fitting him for the the case work, 
select highway engineer. 

With reference the organization the writer will assume 
dealing with large city, and that necessary modifications 
would. not practicable have many separate departments ‘as 
large one, but the principles set forth can followed the handling 
the work. Instead discussing existing organizations, attempt 
will made outline proposed highway organization commensur- 
with present-day requirements. this most important 
determine what functions should come properly under the jurisdiction 
modern highway bureau and just where this jurisdiction’ should 
start. first step, the laying out the highways, should 
under the head “city planning,” which becoming more and 
such and the field broad that obviously ‘all municipal 
engineering departments will necessarily have ‘more less 
affiliated with the city planning division, and the head division 
might termed the city engineer. Therefore, will assumed 
that the highway bureau, after the layout has been planned, will start 
with the design all work ‘pertaining the highways, including 
parkways, park drives, and small highway bridges. The larger bridges 
should come under bridge department, bridge engineering dis- 
special branch the Profession. After the design, course, 
all necessary engineering work relating lines, grades, and inspec- 
tion, from the grading the finished pavement, should 
jurisdiction the highway bureau. Before leaying the 
fact that, the engineers construction and maintenance 
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would necessarily specialists line work, 
and should held responsible for the design 
cedure which should adopted any work. therefore, there 
should under the city planning division, and the designing—as far 
the highway bureau. 

serious every year, namely, sub-surface structures and encroachments, 
which include all ‘underground pipe lines, vaults, steps, 
street signs, and every kind encroachment the build- 
ing line. These matters, together with permits and licenses for auto- 
‘the highway bureau. With conduits, pipe lines, the 
the for the protection pavement, con- 
public, and general conditions, appear 
pipe galleries; but, which are already paved 
built up, this would require enormous This question should 

engineering inspection, the next subject the surface 
the street, and here the first thing determine just where the 
jurisdiction bureau should’ end. Generally, 
the division expense for the footways, 
paving, repaving, which different cities. This big 
problem ‘itself, and ‘will not this time. Assuming, 
therefore, that the such control over the highways, encroach- 
ments, signs, license fées for automobiles, vehicles, 
come under jurisdiction this bureau, and right here big 
the case with sub-surface structures particularly 
relating has solved, namely, equitable and 
just value levied the city for all kinds projections— 
underground the surface—beyond the house line, and license 
fees all classes automobiles, vehicles, ete. This, however, 
the case the division expense for footways, paving, repaving, etc., 
highway organization, will assumed that the supervision, control; 
and enforcement. all governing these come 

sidered connection with the work rightfully coming under the jur- 
modern highway bureau branch municipal work 
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which closely related highways and plays important. 
kind cleaning never, except few. munici- 
palities, placed engineering basis, and many cities this 
work comes under the jurisdiction department, which 
not only results increased supervision and overhead charges 
connection with the the highways, but overlapping juris- 
diction regard the well-organized highway. bu- 
reau, including street cleaning, the street patrol inspection 
taken over supervising the street This. makes 
unnecessary have separate street patrol inspection force, such 
is.employed highway bureaus. The forces 
are constantly work, covering, every street the city frequent 
intervals, and, with memorandum blanks. for 
the purpose, can write down the conditions the streets 
well supervise the street cleaning work. 

The tendency the day standardize and control work 
manner which will conserve energy and with. un- 
necessary. duplication, far as. concerned, but 
concentrate that operations can be. efficiently 
tion one the important factors considered planning 
any working organization, and step would aecomplish this 
direction. than the combination the street cleaning and highway 
This would have the added advantage placing, this 
more generally engineering which would undoubtedly lead, 
not, only more sanitary methods cleaning, but to. methods 
more take into consideration maintenance, and 
care pavements themselves than likely where 
the street cleaning not under engineering supervision. 

connection with the street cleaning work there the col- 
lection ashes and rubbish and the collection and disposal garbage, 
Although this work not distinctly highway matter, the collection 
and disposal ashes, and rubbish particularly, much factor 
the problem preventive street cleaning—in which the crusade against 
overloaded ‘and leaky wagons, the throwing papers, store sweepings, 
into the streets, plays important part—that more properly 
belongs under the highway than any other municipal department. 
lesser degree, this the case with the collection and disposal ‘of 
garbage. The writer, therefore, for the time being 
problem ‘is presented, will place’ both 
matters under the jurisdiction the highway 

‘With reference the subdivision the work, assum- 
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ing that all under the jurisdiction the dis- 
tinctly highway work, the construction and: maintenance cleaning 
streets should under one engineer, with many division 
and section engineers the size the city and the extent the 
work requires. The clerical, auditing, 
general office force, and the division sub-surface structures and en- 
croachments, including permits and licenses, should, through their 
respective heads, come under the chief engineer, should also the 
division contracts, specifications, and general office engineering. 
The work under these divisions should delegated like manner, 
depending the extent and nature the undertakings over 
the respective heads have control. subdivisions 
braces much detail, with the consequent opportunity for constructive 
criticism, that the limited time assigned this subject would 
folly attempt elaborate any one them herein. Therefore 
only the main subdivisions and functions coming under the general 
principles set forth for modern highway have been taken up. 
The chart submitted Fig. covers the organization out- 
lined, and intended for city haying population and 
area about 130 sq. miles, The details will left for 
future which must necessarily highway 
engingering ¢omes into its own. 

Before closing, and order that all may realize the magnitude 
the highway bureaus comparison with that other engineer- 
ing organizations, the writer calls attention, for example, the extent 
the undertaking the Water’ Board the City New York 
connection with the new water supply from the Catskill Mountains 
and said second only the construction 
Twentieth Century. Now, matter what may the nature the 
work requiring large expenditures, just necessary see that 
the money spent judiciously and the best advantage one branch 
engineering another. Therefore, attention called the 
excellent engineering organization the Water Board New York 
City, with which all are more less familiar, and which is, without 
the best organization the kind the compared 
with the character the inadequate highway organizations 
having jurisdiction over the money. 
Then compare the expenditures the Water Board for construction 
for the years 1905 1913, with those New York, Chicago, and 
Philadelphia, respectively, for highway construction and maintenance, 
street cleaning, and collection and disposal ashes and garbage, for 
the same period: 


For street cleaning, collection and disposal 


Chicago expended for construction and main- 
For, street cleaning, collection and disposal 


Philadelphia expended for construction and 


maintenance $17 445 085 


street cleaning, and disposal 


spective organizations, the samé importance should 
character the organization controlling one class 
another, per ‘dollar expenditure; but; judging from 
business and engineering point view, would that 
organization supervise the expenditure monies 
the case with other engineering undertakings, and this 
which should given serious consideration. 

The foregoing from reliable sourees and are 
ally The details the personnel the Water Board 
the highway engineering organizations been stated 
thought that their general sufficiently well known: 


impossible separate the technical from the administrative organiza- 
tion for highway construction, because highways are, not like 
works, Sewers, gas plants, service, but hold 
place among public works. The highway the work 
government, and its construction and both 
duty and right the community.* 

many States the road taxes are still paid labor. This, which 
course poll tax—is always road tax. Wherever local enlight- 
labor, the. returnable the district from 
have been collectéd use exclusively the roads. origination 
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ing the English system local government, which alone was 

understood majority the early settlers and 
ness brawn and time resources which characterized settled 
communities. 

the States, but wherever still exists, there usually local reason 
which considered sufficient explain adherence antiquated 
and inefficient method. That the old law stands doubt due 
somewhat the fact that though conditions have changed, the admin- 
istration ‘the law has continued the hands unskilled’ men 
who have been able see neither its defects nor any way remedy 
them.* persistence, however, has caused one very pronounced 
condition mind the citizens large part the country. 
Most men’s grandfathers who lived west the Appalachians_ built 
their own roads; later, their fathers built their own roads; and, con- 
sequently, they to-day believe that they can build their own roads, 
and they, the road labor, tax the statute books year after year. 

‘This, idea much prevalent, than the observer will 
usually admit, but. see that communities, which, the 
ter type construction than formerly, continue depend the 
tax, and try build roads without proper 
out proper financing, without even proper tools cases, catch 
the rural county citizen undertakes road work, continues believe 
what his grandfather could do, can do, and than 
likely, dispenses with engineering advice; the local good 
ciation does not force him 

This attitude mind was embodied the laws, practically 
years, and still reflected many them. The following States 
continue all part the road tax Alabama, 
Tennessee, North Carolina, South Carolina, Georgia, Florida, Missis- 
sippi, Louisiana, North Dakota, New Mexico, 
Arkansas, Montana, Kentucky, South Dakota, Colorado, Idaho, 
Indiana, Minnesota, Nevada, Missouri, Pennsylvania, and Wisconsin. 

lack engineering organization connection with 
large the United States has been the 
direct result these conditions. Further, whatever efforts 
successful during the few years putting new statutes on. the 
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idea that the road builder modern days can 


furnish. 

The county and town system which obtains 
almost everywhere, places the construction and maintenance roads 
the county many cases, the com- 
missioners have authority divide the county into districts and appoint 
supervisor over each district. Frequently, penalty prescribed 
for man who, appointed, refuses supervisor. These men 
are furnished list taxable polls their several districts, 
mon the road hands under the labor tax system, the ‘conditions 
fixed law, and see that the legal time, much may 
required, spent working the roads. road hands 
choose are usually permitted pay out rate varying from cents 
day.* The supervisor collects the commutations, gives receipt, 
and spends the proceeds the roads his district. His 
usually stand like this: 


Generally, large part the sum charged road work goes, 
tacit consent, his into the supervisor’s pocket. 

There has been somewhat strong movement away from such con- 
ditions during the last years, and find many new laws drawn 
relieve such ridiculous and wasteful methods road’ adminis- 
tration. Still, the remedy has not been general, any means, and 
there are some clauses the new laws. the Alabama 
Road Law April, 1911, for instance, the State Highway Engineer 
where projects involving State-aid funds cost more than 000, “the 
highway engineer, with the consent and advice the proper author- 
ities the county, may prepare plans and specifications” for execut- 
ing the work contract. 

the Arizona law June, 1912, declared that “all roads 
and bridges, when constructed, shall thereafter maintained and im- 
proved when necessary, ‘under the joint auspices and direc- 
tion the State Engineer and Board Supervisors, *.” 

The 1904, 1906, 1908, and 1910, are respectable 
effort but, from the limitations placed the con- 
stituted would seem’ that the General Assembly be- 
lieved that the county commissioners knew more about road engineering 
than the State engineers whom they might employ under the law. 
Towa has recently passed new road law (April, 1913) which 
departure legislation. the most systematic effort correlate 
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road work county expense that has yet made. could 
well studied the legislatures three-fourths the States. The 
1912. State commission and its duties 
three members. 

general, however, except where State funds are involved, 
engineering supervision required road work the 
rural most our States. counties: thus conditioned 
spend, according most reports about 
$61 000.000 annually on.their 40% the road 
revenues all counties.* 

funds aid the counties, the first systematic engineering organization 
The types organization are simple and rather uniform 
for most States. They are confined two common has 
corps assistant engineers reporting directly the chief engineer; 
the other has group division engineers reporting, directly the 
chief. cases, notably Ohio York, there are 
deputies having general charge department the work, 
struction, bridges, maintenance. these cases division engineers 
report, their respective deputies, 

the division engineers there are resident engineers 
spectors assigned projects. 

review these actual conditions presents several questions well 
part poor counties to. seek engineering because. there 
man ayailable county, and outsider—besides. being, 
outsider, which frequently considered more less objectionable 
secured compensation warranted the county 
revenues. see, therefore, not until the State steps and 
gives the county funds that there any engineering supervision 
organization created deal with this 

writer had opportunity, about years to. 
still believes The plan comprises highway 
sioner, paid by. the State, drawn, possible, from. the, 

engineers, and they would have charge road the.counties, 


Jenks, supra, 43, principal exceptions are Massachusetts, New 
Mexico, and 


mes. 


macadam roads, because lack local: funds, 
are: the substitution some material besides short-leaf box 
culverts, the construction adequate ditches, the proper crowning 
the traveled way, regular alignment, the intelligent mixing 
sand and drainage holes and: swampy places, 
and the removal vegetation from division 
duty would see that suitable construction gangs are 
taxes commuted cash payments, and used 
pay the road gangs: old supervisors should 
group foremen substituted, who, possible, retained 
are needed, the division engineer commissioner plans, 
and efficient way.* 

This plan would much the cost engineering the 
ties general sharing expenses, be’ productive 
visor tend remove the work from 
fluences. would concentrate and prevent general 
the ordinary county method: every road 
many voters possible, with the obvious: result 
destroys all. would create some standardization and begin the 
elimination hopelessly methods used year and year 
out the county without apparent betterment the: roads. 
would time some sentiment favorable the employment 
publie latter circumstance would most happy result, 
for the need adequate ‘engineering municipalities through- 
out the South West, indeed almost everywhere the country, 
glaringly apparent the most 

When State funds conditions dre once produced 
that direct attention another question. Shall the organization dis- 
tinguish between construction and maintenace? The last made 
the New York State Commission recommended increasing the num- 
ber divisions and combining the responsibility for maintenance and 
construction. This recommendation was interesting and 
coming from organization which has had history 
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the York State Commission: The State Legislature, acting 
part this recommendation, passed law 
from six not more than nine divisions, and otherwise embodying 
the The type commission was also changed, and 
single responsible head provided. The present -highway department 
New York works under this new statute. 

The labor organization and type inspection required construc- 
tion, one hand, and maintenance, the other, are widely 
diverse that the writer that some the two 
classes work can advantageously made. the first place, 
the division district heads not have split their duties between 
the two classes work, each can cover larger territory. Further, 
there system standards the maintenance divisions can 
enlarged beyond the those possible for construction divisions, 
This because, any system large demand division 
tract practically compulsory, and constant and 
detailed the other hand, maintenance the 
patrol gang systems force account administration work, and 
the patrolmen, foremen, and gangs are trained, they less 
bad plan establish possible the separate 
identity the maintenance organization; last this will-be 
the only left, the case the French Routes Nationales to- 
Trained engineers are take residencies, 
would probably require such. resident engineers. very large 
maintenance divisions assistants might -be necessary 
larger re-surfacing most cases foremen would 

prepared mani to, handle the maintenance sec- 
the bad soil, the and the drainage arrangements. 
knows the county, thoroughly, and should developed amiable 
relations with local. officials and_the .citizens along the roads. All 
these matters count man’s equipment, for division 
work, but there insurmountable reason, division man not 
leaving record maps sufficiently complete inform successor, in- 
structed take over roads for maintenance, major and 

many minor conditions along the sections under observation. 
This matter maps capable large and valuable 
development. Further, man detailed maintenance, and concen- 
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trating his attention it, should soon acquaint himself with the con- 
ditions his division. seldom that labor used construction 
stays maintain, and, therefore, especial advantages the line 
securing skilled laborers can expected under either system. 
new labor and supervisory organization will generally have created, 
and, most instances, recruited from the local supply. 

Another matter that, from the standpoint efficiency and economy, 
especial importance, the place under the State organiza- 
tion the county road administration. Three States, New York, 
Towa, and New Mexico, have statutes specifically placing the county 
road engineers supervisors the State system. There deny- 
ing that this innovation (for, the present condition our State 
road laws, can certainly considered such) about 
unfavorably criticized. course, when within ques- 
tion local autonomy any form, always find some 
who oppose any restriction home rule; but, basis 
home rule, find chiefly concerned with matters conduct. 
Now, road building not matter conduct. Our 
does not understand why his road money should not economically 
expended competent engineers. Now that two three States have 
led the way, may hopefully expected that there will 
move the direction placing some check the indiscriminate 
expenditure county. system which worse than 
simply This can done, even when State-aid feature 
enters sop the When such allotment does appear, 
there reason why supervision should not extend beyond the limits 
the State-aid roads. 

the county engineers and the county far 
road matters are concerned, are under the supervision the State 
commission. Mexico the county road commissions are ap- 
pointed the State commissioner. New York, county and town 
supervisors are under the division engineers, and the county 
engineers are appointed from list eligibles satisfactory the State 
commission. 

Just how far the State organization, shall indicated law 
matter debate. The writer believes that few States err this point 
the present time. Generally, except three four cases, the 
detail the highway. department organization not carried beyond 
the State highway engineer under various titles... The details 
organization are left the administrative heads and the engineer. 
This should be, until find some organization that has details 
particular merit capable wide This freedom, however, 
does not the eounty road law under 
the supervision the State organization, 
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Many the State departments to-day are advisory nominally 
supervisory their duties, and this restriction which, in’ spite 
freedom departmental organization, restrains their usefulness 
many cases almost negligible limits. Where the great gain 
efficient expenditure the county work, and the 
State engineer helpless, however competent may be, unless 
given some element authority over the local activities. Merely ad- 
visory work often gratuitous. Some county officials: consider 
almost meddlesome. these local Solons that good organization 
must. 

review the several State laws shows that the highway depart- 
suffer from one very general condition. There are few single 
responsible heads. are familiar enough with actual working con- 
ditions some States know that the work suffers, suffered, 
seriously because responsibility not concentrated one administra- 
tive very common have the law that the 
engineer work conjunction with administrative official, 
sometimes even with administrative body, equal au- 
Arizona presents this some States work 
being done successfully, because, with poorly devised law, com- 
mission. three five members turned the work over one 
their number, engineer, who acts practically single 
has been conspicuously true Virginia. The 
many-headed commission can Rhode Island. There 
commission five members, one from each county, 
charge work, and instances have occurred where commissioners, 
visiting construction progress, have changed the orders the 
engineer charge. 

With regard details organization under the commission 
responsible heads, the laws cases leave the highway depart- 
ment. free adopt such system seems best fitted accomplish 
the ends and purposes the statutes. Were there general system 
single responsible heads, many States present laws, 
could develop thoroughly efficient organizations. The responsibility 
for the organization would lie with the head, and would generally 
unrestricted. There are thirty-eight States which have some form 
highway department, but doubtful more than fifteen them 
can develop efficient highway organizations, because the divided 
authority and responsibility residing several heads. 

Am. Soc. E.—With one two excep- 
tions, the speaker impressed with the general soundness the argu- 
presented Mr. Connell. the first place the formation 
standard organization for highway department city not en- 
tirely feasible. There are many difficulties the way standardiz- 
ing any particular department city that would impractical 
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consider any more general principles used 
instead trying for one department all. 

For instance, system applicable York City, 
Chicago, Boston would certainly not apply smaller place, 
account, not only the size the itself, general geogra- 
seems plain, therefore, that standard system devised, all 
cities the United States should classified and system organi- 
zation for all departments formed, that the entire operation city 
government along standard lines for different types cities. 

This seems: ideal which cannot reached, and the prob- 
lem, therefore; must apply general principles engineering 
organizations which shall tend improve conditions which 
present. These applications should also furnish engineers with 
information which can classified engineering’ societies, that 
costs and systems may contrasted and certain valuable improve- 
ments results gained. 

There question the need engineer supervise not 
only highway departments, but all public works any character. 
Therefore, Municipal Highway Engineering Buréau should 
part, and very large part, Engineering Public 
Works, and works all kinds should under the supervision 
trained engineer. 

This principle, applied cities, will work with 
benefit, both the improvement the construction publie works 
and their economical completion. Granting this; 
therefore, Mr. Connell’s statement the need engineer 
supervise all highway work evident, and the supervision this work, 
states, should include, not only the actual construction and opera- 
tion these works, but also the different struc- 
tures well the outline the general plan out the 
expansion the city. 

and the difficulties securing one competent follow 
work this Engineers training should fitted all 
things necessary for the operation such magnificent ‘department 
has been conceived control the public work city State. 
That means that the engineer must not only technical man but 
business man who can see both the and financial sides 
the problem, and determine the advisability spending any given 
sum money certain purpose. 

The second qualification means that the engineer must take 
broader view work than generally does. 

considering the operation any city State engineering de- 
partment ideas here outlined apply, seems, particularly 
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the highway department), there need training for en- 
gineers keeping accounts and supervising routine work. 
any highway bureau, any other bureau 
much any the whole situation. The expenditures must 
kept within appropriations, and work and executed 
such manner gain the full benefit, far possible, from 
the expenditure moneys allowed. Therefore, engineer ‘should 
highly trained, along business well ‘technical 
lines. The natural tendency would for engineer too much 
devise simple and free from: unnecessary 
complications 

This discussion has followed general lines more than the particular 
ones specified the topic, but these ideas—which must considered 
gineering organization. 

connection with the discussion highway work, both municipal 
and State, interesting note the diversity opinion among 
prominent engineer has told the writer that there are very few en- 
gineering problems faced highway work; that this work 
the simplest nature, and, inference, almost any one could become 
engineer. 

the ordinary man’s mind, the highest type engineering would 
that which would do, the best manner, both the and the 
things. 

There are comparatively few very large structures projects 
carried out engineers, but, indicated Mr. Connell, the largest 
amount money spent engineering work for the operation 
municipal and State highway departments, results this 
work are open critical observation all who are possession 
five senses, 

Although the engineering problems may simple, the problem 
spending money economical: manner, is, far, the 
hardest. one which the engineer has solve, and solved 
improved business methods, well improved technical methods, 
seems that will have done some the highest class engineering 
work, 

conclusion, the speaker Mr. Connell’s statement, that 
the highway other departments cities States should freed 
from political influence, and that the spoils system should entirely 
eliminated the these departments. moderate 
amount success can any system politics, whether 
good bad, allowed interfere with municipal State 
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department, and when: departments are entirely free politi- 


has become particular favorite, not only with those who are directly 
concerned with State and municipal affairs, but with all who are in- 
terested the administration and execution public works. Witness 
the large number governing bodies which have created commissions 
boards efficiency and economy analyze and criticize the acts 
public officials, and, their advice, minimize waste and extrava- 

department State ‘municipality lends greater field 
action such board than ‘the department, when com- 
petency not the prime requisite the selection heads and as- 
sistants; and, the other hand, highway department consisting 
competent men selected for their particular fitness for the posi- 
tions they occupy will furnish fair-minded efficiency board with any 
reprimand. public criticism. 

The preceding statements are emphasize the fact that 
highway successful unless competency the 
first and only consideration the selection, not only the head, 
but the entire body the organization. Competency and efficiency 
are inseparable terms, for without one the other cannot exist. 

ganization adaptive any and obviously impossible. 
Highway laws the several States vary widely, also 
met municipalities varying wealth and population. 

Supported laws prescribing well-defined policy the expendi- 
ture State funds, single responsible head preferable body 
three more; and, the other hand, the State has not, 
legislation, fixed general policy, body three may rightly 
considered preferable. With without prescribed policy, single 
responsible head with advisory council having limited powers should 
prove efficient carrying out large small undertakings. 

municipality has been well demonstrated that single re- 
sponsible head sufficient. 

organization can long successful unless arranged below 
the head military order. the organization small, the head 
may act the chief executive; large, there must one chief execu- 
tive with carrying out the general policies and orders the 
head, division responsibility this point tends toward dupli- 
cation, uncertainty, and consequent inefficiency. 

dependent the the work done; State highway or- 
ganizations suitable number division engineers are charged’ with 
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responsibility for both construction and maintenance their 
divisions. municipal each division: 
elude the entire municipality, with division engineer, in. charge 
each branch the work, that is, one charge-of bridges, one for 
street construction, one for ete, For large undertakings 
the subdivided into districts, with district engineers 
charge responsible the division engineers. 

summarize and further present the matter briefly, the follow- 
ing outline highway organization submitted: 


single commissioner, commissioners,. quite 
definitely above; 
2.—A single responsible, chief executive officer; 
3.—As many divisions may each under diyision 
engineer 
5.—Minor 


All appointments should governed entirely there should 
changes the personnel, except for proper must 
military practice. 


confirmed Mr. Connell’s search, the fact, apparent who 
been charged with city street maintenance and repairs, ex- 
ists little constructive based broad lines the methods 
carrying such work. Destructive criticism abounds. 

Reports citizens’ denouncing indiscriminately pave- 
ments bygone days, the non-use some. special, possibly pat- 
ented, cure-all surface, the promoter which 
erator work, illustrated views the depression where promi- 
nent citizen’s automobile was bumped,.and accompanied, half-baked 
legal recommendations the American ineradicable 
tools have hand, and the textbooks that. tell. much about good 
pavements, but little paving organizations, comprise most our 


literature. 


ing highway departments, for their. improvement. details, but 
the results Mr. Connell’s would seem that 
little has been written the fundamentals organization and the 
proper scope required the department charge 
great city. .This possibly due the fact that ‘the de- 


| 


mand for surfaces, caused increase number, 


Mr. 


weight, and using the highways, with 


the arrival conditions causing their upheaval maximum degree. 
other part the world time, and previous 
period the history the United States, has there been any thing 
paralleling the amount rebuilding and shifting what were sup- 
posed established trade and social centers, that to-day going 
all large municipalities. 

While the general public is, demanding the construction streets 
with absolutely smooth surfaces for availability. for motor, race-tracks, 
that shall unyielding and without surface wear, endure for 
constructed over pipe galleries avoid all 
future surface disturbances, the same time abandoning whole 
districts devoted residences and light traffic, and filling them with 
tall office buildings which, when the office 
materialize, are turned into having population some 
sections New York larger than the great mill towns New England; 
and demanding that these buildings have adequate service for 
telephone, electric and power, and water supply, including high 
pressure for fire protection; and, finally planning new lines sub- 
ways carry away the surplus population brought these districts, 
and open new possibilities harmonize these con- 
flicting demands would appear impossibility. is. under 
such conditions that officials charged. with the maintenance munici- 
pal highways are to-day carrying their tasks. 

construct and maintain pavements under 
great city can the highway officials determine with certainty whether 
the pavement laid will suitable for the found 
using hence, will seen that they entitled the 
benefit the best constructive criticism available, and that the fault- 
finder, who devotes what knowledge may possess enlarging his 
own newspaper reputation the cheap method criticizing obvious 
actually blocking progress. 

Mr. Connell has taken.up the problem the right way, has 
indicated outline for the commencement highway: or- 
ganization. interest the subject also treated 
pal highway work European cities, during the 
some points their methods solving this problem. 

Two general methods followed different parts Europe: 

strongly centralized authority under which the entire city 
number smaller unit organizations, each within 
the central office; 
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each number independent units, single head has control 
all city each and independently 
charged with single class work. 


The first system best exemplified Paris. the organization 
the street service and for all construction work the highways, 
divided into seven sections, each headed resident engineer who 
has control, not only paving work but the laying water pipes, 
sewers, and the supervision any sub-surface work private cor- 
porations. the head the bureau street service Inspector 
General with necessary deputies and office organization, having under 
him several chief engineers, one charge public streets and street 
lights whom the resident engineers primarily report; another the 
head the work street cleaning; charge gas and electric 
light mains; the fourth charge water and sewers. 

the necessary office force, and several 
resident engineers are under his for special work and for the 
management and maintenance work outside the but, within 
the city, all construction work the streets. under the direction 
the street service engineer charge each district. Each his 
own section takes care the paving work; lays water pipes; builds 
sewers; and supervises duly authorized construction the part 
gas and electric companies, so. that pavement can torn except 
his orders with his permission. 

London, the other hand, the control de- 
centralized. There each the thirty different boroughs has its own 
city engineer surveyor responsible only the Borough Council for 
orders and directly charge of. all street paving, repairs, cleaning, 
and lighting. The works general utility the entire city, such 
water supply, main-drainage sewers, and tramways, are 
controlled special boards independently boroughs; 
any necessary street work under the supervision the borough 
authorities. Smaller English cities have usually 
charged with control over all the city works, having under De- 
partment Highways headed road surveyor, and organization 
assistants whose duties are confined the maintenance, repair, 
and cleaning highways. With some modifications, the system the 
German cities very similar. 

the first the two systems one head over all 
classes work carried each unit—the unit being some conveni- 
ent sub-division entire though the different divisions 
work are each under special organizations, the actual 
tion interference different classes work impossible. 
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the second system, the city whole, each its inde- 
pendent units, the case large cities, there centralized control 
the extent that all construction, with the exception water-works, 
under the direction city engineer, but the special varieties 
street work are usually carried sub-units. 
course, Many exceptions are found any necessarily brief and gen- 
eral classification like this. For thoroughness and theoretically per- 
fect, systematic, and orderly. procedure, the French method organi- 
zation seems leave nothing desired. 

The city work London, the contrary, carried under 
probably. the most illogical and arrangement 
that could but, practical results, London pre- 
sents probably the best appearance any city the world, far 
the are concerned, and Paris constantly torn and 
poorly maintained condition. 

Berlin, city about equal size Paris, but divided into 
number, independent city borough governments, without cen- 
tral control, but very thoroughly organized units, the results show 
good conditions some districts and poor others. The: practical 
deduction drawn from the comparison these methods, not 
paper but worked out the three great European cities, that 
system will produce results automatically, and that good results can 
produced under adverse methods people accustomed orderly 
procedure. 

highways can very broad very much restricted and still 
accordance with good practice some prominent city. 

Mr. Connell’s plan seems to, follow the but with- 
out going far enough for the work street de- 
partment includes may well farther and take sewer, 
lighting, water and city works requiring the use the streets. 
believe, like Sterne, that order this matter better 
France,” may well consider that model city works department 
possible. interests, opportunity for the card-index and 
loose-leaf expert: devise interlocking systems his heart’s content 
until arrives his where the Inspector Generalissimo, 
his desk, can run his and 
never see the work. 

The weak points which make this system application 
lie personnel. have the United States 
trained public works officials, body Government en- 
gineers organized like the French Corps of, Bridges 
and have frequent still believe heart that “to 
the victor belong the spoils” including the right spoiling the work 
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service man fill responsible position; find seven equal and 
work, organizing the Bureau Highways into sections for doing 
such organization, based experience Manhattan 
but making improvements some existing conditions, 
somewhat follows: 

The head the Bureau Highways has charge all construc- 
tion and maintenance work street surfaces between building lines, 
issues and controls permits for necessary street openings what- 
ever nature, under the direction Commissioner Works 
whose includes, besides highway construction, the sewers 
and other sub-divisions, and whose office all financial 
cluding auditing, contracts, are taken care of. 

avoid duplication work, single Bureau Design and Sur- 
vey carries all necessary work for the different construction bureaus 
the department, its work for ‘each, however, being under the 
tion the head that bureau. This applies, not only the making 
preliminary and contract plans, but the furnishing parties 
for surveys, giving grades, and making measurements for final esti- 
mates. 

Under Chief Clerk the control all correspondence and records 
the bureau, including the necessary organization for filing, record- 
ing, and handling data for the maintenance live record 
street conditions, necessary repairs, ete. 

been pointed out, the control street openings 
essential preliminary the work any highway department. 
system, however complete, will more value than 
record unless some plan lies back the causes necessitating such 
openings. will essential ultimately that our great cities realize 
the desirability the adoption systematic plan for sub-surface 
structures for new districts and take the problem orderly 
re-arrangement these structures the most congested sections. 
Thus far, charter individual companies and the 
ness various departments co-operate with one another have ren- 
dered futile any attempts this direction, resulting tangled mass 
sub-surface structures our central districts, with fre- 
quently unrecorded, and the repair extension which requires 
undue amount street surface disturbance. Pipe galleries under 
all streets are the idealist, but orderly planning which 
shall place under footways the lighter house-service lines, leaving the 
large mains under the roadway regulated intervals, and shall 
away with unnecessary duplication facilities any one street, and 
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limited provision for pipe galleries the most crowded sections, 
not impossible attainment. will require, undoubtedly, amend- 
ments the charter, both municipalities and corporations, and 
the vesting the right order changes the body controlling the 
city policy. With such condition existing, the permit office the 
Bureau Highways will have actual and not merely (as present) 
nominal control over all street openings. This can done without 
interfering with the rights any other department corporation 
get their structures for emergency repairs. The usual procedure 
will involve application the permit office advance making any 
opening the and deposit sufficient money cover 
the cost restoration, inspection sub-surface work, back-filling, 
and subsequent repair and maintenance. 

After street openings are properly controlled, the making repairs 
necessitated ordinary wear next importance. For convenience, 
this work has been placed two divisions: one having charge all 
repairs block pavement, including stone block, wood and asphalt 
blocks, large part which work can done gangs with limited 
quantity new material, and repairs sheet-asphalt pavements, 
which require the use asphalt plant, either owned the city 
operated contractors. lay out the work these divisions prop- 
erly, system street inspection essential, and this done 
division patrol inspectors, each having definite district and mak- 
ing daily reports all defects, which are immediately plotted 
office map from which the day’s work for the gangs can laid 
out the best advantage. Another division looks after all matters 
pertaining sidewalks, whether carried the city the property 
owners, and has control such other matters street signs, removal 
incumbrances, 

Finally, the perfect non-wearing pavement has not, yet, been 
discovered, becomes necessary provide for renewals street sur- 
faces from time time. This, for the present least, best done 
contracts, under the supervision division engineer with 
necessary organization assistant engineers and inspectors. 

Whether the street work performed city forces contrac- 
tors, the purchase new materials and their conformity specifi- 
cation requirements essential. one the most necessary 
divisions the laboratory and plant inspection force charge 
the chief Losses due mistakes inadequate inspection 
this division may amount many times value what would occur 
from omissions carelessness inspection construction, and the 
city will save many times the cost proper organization super- 
vise the manufacture and delivery proper materials all classes 
for pavements. 
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With organization such has been outlined, and with. the 
proviso the enforcement proper co-operation the part other 
departments and corporations, and the 
their plans general harmony for the greatest good the greatest 
number, believed that street surface maintenance can efficiently 
carried on. 

clearly and stated the necessity for and importance State 
Highway Engineering Organization, further arguments that point 
are unnecessary. The all successful was 
struck, however, when ‘said must harmoniously”; 
matter how well the corps organized, without harmony 
will failure. Better faulty system organization with 
united purpose than the most organization which 
each member striving for his own glory, even the expense all 
the others. the result, matter how design, 
anarchy. 

Appreciating this fact, endeavor has been made build 
esprit corps the New Jersey Road Department, the rallying cry 
being “Good Roads”. Around that standard all gather with harmony 
purpose and unity action that have enabled the accomplishment 
much that would have been otherwise to-day even 
the farmer the most remote district stands willing 
pay his share toward “Good and the motorist the United 
States delights use them. 

The New Jersey organization, being the outgrowth more than 
years’ experience, can hardly classed is, 
more properly speaking, Starting with 
commissioner, the work was carried through the county engineers 
the several the work grew, supervisor was 
assist him, and later two assistant supervisors and chemist were 
Then, owing the increasing demand for higher grade road, 
caused the advent the automobile, larger organization was de- 
manded, and the re-organization under the Commissioner was 
the result. consists the Commissioner, who chief executive, the 
Highway Engineer, who must pass the design all engineering work, 
four Division Engineers, three whom have each charge prescribed 
district and the fourth has charge the bridges, Chemist, who tests 
all road materials, twenty-one county engineers, who, though employees 
the county, are also resident State engineers their several counties, 
ten inspectors, and six foremen; the latter are form the nucleus 
that needed when the State highway system becomes 
fact. 

foremen and inspectors report writing weekly the Divi- 
sion Engineers, who turn report the Highway Engineer and 
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reports the Commissioner, thus each task and each 
his share The county engineers might properly 
brigade commanders ‘having the work their 
several counties and being subject only orders from head- 
quarters standards that met. 

The State highway system, just referred to, natural out- 
growth the work, its aim unite the county and 
extend the main highways the borders the State. This being 
such large proposition, was deemed wise establish Highway 
Commission: which should determine the general location 
the work. This Commission the Governor, the President 
the Senate, the Speaker the House, the State Treasurer, and the 
Commissioner Public Commission has laid out 
system roads 1500 Jength, most which are already im- 
proved; hence the State’s principal, task one 
which, owing the fact Jersey lies between the two largest 
cities the Atlantic seaboard, will always big one. Owing 
the fact that many our main highways have been laid out for from 
100 200 years, their exact location often hard determine, hence 
was necessary to:add right-of-way engineer the force, 
services have proven valuable that, all probability, will 
have added. 

elosing, word tribute contractors should added, 
to; them the owe much;:it their that 
makes the designs and plans the most perfect engineering 
tion, possible. 

State highway department has been incompetency and inefficiency 
the part officials securing economical the 
expenditure highway funds. Consequently, every State highway 
engineering organization, prove its right developed 
the lines competency, and honesty. Politics, 
the ordinarily accepted the term, can place such 
organization. 

seems that the best: results will-be and 
there will more general satisfaction when the charge 
commission three members, provided are men 

The commission should formulate the general policy 
the department, unless this has already been covered law, and 

Unless the commission daily session, which 
usually the enginéer. 
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Besides engineering ability, this man should possess good degree 
tact, for dealing with the public, especially local 
This particularly desirable where highway improvements 


are paid for jointly. localities and the State, for this always means 
that the State directs the work, and, unless handled just right, local 
officials will feel that their authority usurped. Other things being 
equal, dealing with local situations controlling 
factor selecting subordinates all through the department. 
The chief engineer should have absolute control the appointment 
all subordinates, and, course, they should report.to him. The 
size the organization will depend entirely local conditions, that 
say, the quantity work done given time and the area 
over which the work distributed. 
The following organization, seems the speaker about 
small expected handle efficiently any considerable quantity 
work: division surveys. and plans; division design and 
construction; and division maintenance. 
The division surveys and plans will make all surveys and secure 
all preliminary data necessary for proper design contemplated 
improvements. This division should furnish plans the road 


now the division design and construction, where, after 

examining the locus, with plans, profiles, and sections hand, changes 
grade and details construction will determined. 
The plans will then go. back the division surveys and plans 


for preliminary computations quantities, 
which estimate cost will prepared and bids will invited. 

the same time the division. design and construction will pre- 
pare specifications, advertisements for bids, contracts, 

After the award work the supervision 
and inspection will done the division design and construction. 

can readily seen that small organization one man might 
handle both these divisions, their work intimately correlated. 

The division maintenance, the name implies, will look after 
this work especially, and suggested here, entirely the supposi- 
tion that both the other are fully occupied with their par- 
ticular problems. 

This whole scheme based the supposition that there will 
division there are in: State organizations, but that 

all engineering work done headquarters. 
the organization, there should division tests 
and one accounting. Tests should all the 
chief engineer through the division design and 

When the. chief engineer the executive officer, the division 
fiscal operations the department. 
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When State highway department charge single com- 
missioner, and competent civil engineer selected for the position, 
the scheme organization herein outlined will applicable sub- 
stituting this discussion, the word “commissioner,” for “chief 

producing physical results from men and materials, the responsibility 
for the results must clear—if possible, individual—and the authority 
and resources any case must sufficient, not only equal 
balance the responsibility, but also, order the safe side 
and avoid any arguments matter, appreciably excess 
the required duties and responsibilities. 

highway work, division the consideration frequently 
made between Construction and Maintenance, and, perhaps, naturally, 
comparatively recent, not actually the present, time, the bulk 
the investigation and discussion the United States has seemed 
center under “Construction”. beginning realized, how- 
ever, that “Maintenance” worthy least equal consideration, 
and that the proper organization the maintenance forces prime 
importance. 

The speaker, after long experience and wide observation the 
experience others, has had least one conclusion clearly crystal- 
ized therefrom. That is, that, not only for the sake securitig prompt 
satisfaction the results the expenditures for labor and materials 
toward maintenance, but also for the sake and efficiency 
the long run, necessary separate the maintenance work from 
the construction, and thus the responsibility for the proper 
performance each. 

Naturally, there need for State Commission Commissioner 
for the Construction and another for the Maintenance, nor two 
Chief Engineers these lines; the segregation may properly begin 
immediately below the Chief Engineer, may not begin until the 
Division Engineer, even the Resident Engineer, reached. Local 
conditions and due regard for the rest the whole organization 
the department will decide this point. Ultimately, however, the sepa- 
ration work and responsibilities must reached. 

The speaker has worked through the matter from the beginning, 
all construction work and maintenance, the point where the 
maintenance mileage far exceeded that construction, and 
has tried the various methods responsibility ‘for the 
maintenance the construction engineers, maintenance engineers, 
and others. has had the maintenance patrolmen, 
gangs, contract, but satisfaction has been only 
through such arrangements made the maintenance work and 
sibility for its proper performance the sole duty the employees 


— 
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certain point where dependence could had that individual’s 
appreciation its proper relation the importance construction, 
and whom the construction demands were not 
incite any neglect the maintenance. 

has been previously stated the 


“The importance and economy prompt, efficient and sufficient 
maintenance cannot overestimated road administration, and this 
especially true the case modern roads under present 
More the existing defects roads today, whether such 
defects those appearance, comfort, economy, are due 
more weak points maintenance than deficiencies construc- 
tion any other cause. 

“The requirements maintenance work demand the careful per- 
formance little things and the prompt attendance 
sistence and action; good judgment and craftsmanship 
actual work; and high regard for economy and old fact that 
‘many little make Maintenance work contains far less 
the spectacular than does construction, and thus some other stimulus 
frequently needed the workers that interest may not flag. 
some such incentive, the results are almost sure un- 
satisfactory.” 


Another matter which the speaker wishes call attention, 
connection with the discussion under Organization, that the 
duties resident engineers and inspectors. 

The differentiation between these two cogs the machine does 
not seem always clear should be, and frequently, from 

resident engineer generally supposed man some ex- 
perience and skill the work under charge, and who, account 
such expertness, delegated from above certain (limited) authority 
for making decisions and for directing the details his work 
facilitate the progress the latter and relieve his superiors from the 
necessity considering and deciding minor details when once general 
directions have been issued one way another them. should 
noted that ability, experience, good judgment, and tact are 
primary requisites for satisfactory resident engineer. 

inspector, the other hand, merely the eye his superior, 
whom reports, focussed the particular work which 
stationed for the purpose observing inspecting its performance. 
instructed, means copies the clauses the specifications 
that apply that work under his observation, other means, 
required for satisfaction the contract such work, and, 
case any apparent evasion violation the provisions his 
instructions, should directed the attention, first, 
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the contractor and, his nearest with authority, 
the matter. 

‘inspector, such, has have authority over the 
work delegated him, and his responsibility should be, 
ingly limited reporting promptly the facts notes 
delegate authority him makes him longer inspector but 
rather resident engineer more less limited field, 
may be. 

not the speaker’s intention provoke discussion. the 
etymology the two quarrel with their various uses, 
but rather, the foregoing, illustrate differences meaning that 

may assigned each for the main purpose clarifying and, 
far possible, lending force the following remarks. 

The speaker (and doubtless those whom remarks 
has continually heard. references difficulties. supposed 
omnipresent between contractors and much time 
many has been occupied discussing such differences 
sources friction and means for their reduction relief. 

From long experience, capacities ranging upward from in- 
spector chief engineer, the speaker has become convinced that the 
responsibility for such friction rests largely many cases’ the 
chief engineer other party responsible for the organization the 
engineering forces for highway work. 

connection with the organization the engineering 
forces, consideration the specifications for the work must 
not neglected, for, part least, they generally affect the operation 
the machine, express words what graphically mechani- 
shown the form the organization itself. 

lecture Columbia University year ago, the speaker made 
the following statements which seems him are: pertinent for 
repetition here: 

“With proper organization engineering department, 
ing the definitely understood délegation authority, the 
sion the work required plans the loca- 
tion the responsibility the proper party (the chief engineer) and 
this recognition their obligations part.of the. 
ninety-nine per cent. the present causes between 
latter and the engineers would removed and place thereof would 
substituted the cordial assistance the engineers the 
tors. 

“To hitch experienced contractor’s foreman, bent 
making money for his employer; one side with young, 
ambitious but green, inspector obtainable) 
the other side, and then this to, 
keep steadily along the road would folly, yet, 
often attempted, for valuable inspectors not often 
long foremen; but the foreman: realizes that the inspector 
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eall the moment feels losing his footing and that 


handling the situation, there far less likely be.the need for such 
summons. Few competent engineers and contractors cannot get 
along together peaceably and advantageously. The difficulties seem 
largely from delegation ‘of author- 
ity, and from and definiteness the work 
and materials furnished. 

speaker knows from experience the difficulties the 
day after day when constant evidence desire the part 
contractor evade the specifications, ‘something just 
good’ for the materials and work has agreed deliver, offered. 
the other hand, sympathizes with the contractor who 
stantly being nagged inspector over minor when 
the inspector tries ‘run the job Perhaps human nature 
for most try out inspector see what shortcomings 
will quietly submit to, and, having found out, his advantage 
loss may the case, thereafter gauge his work accordingly. 
Perhaps natural for most contractors, after competitive bidding 
work, attempt substitute every possible opportunity 
‘something good’ for the article specified. But the speaker 
that much improvement the between contractors 
and engineers would had were and specifications, 
before referred to, explicit and then the contractors 
regard their carrying out the letter much obligation 
themselves the completion the work.” 


Therefore, framing engineering organization for highway 
work, and drawing the specifications for the. work under it, the 
speaker believes that full consideration should had, previous 
arranging for the resident engineers and the inspectors, the possi- 
bilities securing competent “residents” for the salaries fixed 
paid; the possibilities securing alert and satisfactory 
spectors” for the salaries fixed for these positions; the competency 
and the contractors likely carry the actual work, 
and other conditions likely affect the decision, and then design 
the machine all its details best fit all the conditions. 

steel all its parts and then, that design, build wood 
because wood happens the available material. will disas- 
trous allow the use wood for cog when steel known 
needed, and every cog the machine, even the least important, should 
recognized needing its character ample “factor safety”. 

One word further: Such machine should not designed built 
too delicately too lightly. The larger and more complicated the 
machine, the more necessity there for sufficient mass the machine 
parts take the shocks and vibrations, from both 
without and within, incident its operation. Mass necessary for 
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momentum, and sufficient momentum desirable this for 
the purpose continuing action spite the inevitable obstructions 
regular and efficient operation. 


mitted that engineering organization required deal 
way work, follows that the details such organization should 
determined engineers. The time has passed when engineers 
should expected carry out municipal work any kind when they 
are told, they are told, and because they are told. Municipal en- 
gineers must assume the responsibility determining, not only the 
kind organization through which this control exercised, but 
the general policies with respect such work. 
needs definite plan and The:need comprehensive 
plan for street system now generally recognized, but ‘it not 
generally recognized that this should the work the engineer. 
paving programme just essential. The policy most American 
cities has been leave the kind laid any street 
determined the abutting property owners, the ground that, 
they are pay the bills, they are entitled say what kind pave- 
ment they should have. Such plan result well-paved 
city. well-paved city meant consistently paved city, that is, 
system pavements which the surface each street deter- 
mined the grades, the traffic, the development the abutting prop- 
erty, and its ability pay. grades permit, desirable have 
the same kind pavement continuous thoroughfare, and 
very desirable that the driver team should able follow 
pavement which horses can travel under any weather conditions 
from any part city any other part. 

There should also definite plan for the location sub-surface 
structures. The building pipe subways has frequently been urged 
the only means which orderly arrangement underground 
structures can secured and the constant opening the street sur- 
face prevented. When new street being built old street 
being widened and entirely reconstructed, the placing pipes and 
conduits subways may practicable, but, unless all these pipes 
are new, and unless the greatest. care exercised prevent leakage, 
especially gas, the risk carrying out such plan considerable. 
Paris longer permits electric wires placed the sewers, 
where the water and gas mains are accommodated, separate 
electrical conduits are usually placed under the sidewalk. This, again, 
subject for careful engineering investigation, and worthy 
assignment place engineering organization dealing with 
highway work. 

the opening discussion, the city highway bureau was aptly de- 
scribed the principal show-case the city government, the pave- 
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ments representing the goods the window. follows that there 
department municipal work where inefficiency sure 
the highway bureau, but the organization 
deal with this branch municipal work ‘should not limited 
the mere laying and maintenance pavements and their cleansing; 
should extend the planning the lines and grades the streets, 
the selection the type pavement for each street, rational method 
financing the cost street improvement, and also the proper 
placing and care the underground structures, which not appear 
the show-window, but which, nevertheless, are important adjunct 
every street. 

Joun Jr., Assoc. Am. Soc. E—Mr. Dur- 
ham’s discussion calls attention what may called two 
systems stratification, the matter highway organization: (1) 
The vertical system, which each the several geographical divisions 
large city constitutes, effect, little sovereign state, with its own 
highway organization, independent those the other divisions; and 
(2) the horizontal system, which single highway organization pre- 
sides over the highways the entire city, including all its sub-divi- 
sions; Pennsylvania’s blanket “new red shale” overlies the up- 
turned edges many much older formations. 

Now, although Mr. expressed his preference for the sec- 
ond, horizontal system, the appears obtain 
New City, where. the Borough Manhattan, the Borough 
Queens, the Borough Bronx, and the Borough 
each constitutes apparently little highway principality, with sovereign 
its own affairs, and permitted act (if chooses) im- 
that, conceivably, two adjoining boroughs, local 
patriotism, might revise the alignments and grades their high- 
ways that those one borough should, have physical connection with 
those the other. 

Now, Sterne (who has been quoted this 
sion) the speaker submits that “we these things better Philadel- 
phia.” Mr. Connell will correct the speaker wrong; but 
under the impression Mr. Connell reigns supreme over the 
highway organization that city, and that there are highway chiefs 
empowered regulate highway matters, their several districts, with- 
out consulting him. 

Philadelphia has the horizontal system stratification; and this 
accord with the modern tendency centralization, with its nec- 
essarily higher efficiency. 

The programme for these meetings mentions State and Municipal 
Highway Organizations. The speaker ventures the prediction that, 
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within years, shall have National highway organization, ‘ad- 
ministering the streets and highways entire nation, and its 
cities, from whatever then the national capital; and that, within 
shall have.a World highway organization, similarly admin- 
istering, central office, the streets and highways civilization 
—with universal benefit—on scale now undreamed of. 

The same will true, course, matters like water supply and 
sewerage, now general conducted (on the vertical system stratifi- 
cation) each for itself; although Massachusetts (in the ad- 
vance, usual) has set notable example the formation its 
Metropolitan Water and Sewerage Board, which regulates these mat- 
ters for Boston and its neighboring which, for- 
merly looked out for its own interests, mostly without reference those 
all the 

course, not expected that the suggestion national 
and world highway organization will looked with 
incumbents municipal offices which, under such organization, 
course, would have accept subordination exchange for 
ent sovereignty, unless. indeed from those who felt pretty sure being 
the national world chiefship. 


detail Mr. Connell’s discussion which has proved vital importance 
the organization the Highway Bureau the Borough Man- 
hattan. This relates patrol inspection. past years’ organiza- 
tions and private citizens have complained repeatedly about the poor 
condition the pavements Manhattan Borough, and particularly 
with reference the length time elapsing between the opening 
pavement and its final restoration. These complaints culminated 
investigation the Commissioners Accounts during 1906 and 
1907. Their report showed: 


First.—That there was system which made possible follow 
cuts made pavements that they could quickly restored. 
Second.—That the responsibility was not fixed, and the shifting 


blame from one another was not only possible, but was the case 
whenever ‘difficulties arose. 


1910, under Borough President McAneny, 
taken remedy these conditions. The Bureau Municipal Research, 
working conjunction with the Bureau Highways, inaugurated 
inspection system, which, during the last years, has worked admir- 
ably. Although this detail highway organization, yital 
success, and worth while noting. 

The city divided into districts, for each which, there 
patrol inspector. territory covers about miles pavement, 
there being about 450 miles paved streets the 
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inspector’s duty report least once regarding the general 
condition the pavements, and promptly all street open- 
ings, building operations, and encroachments for which are 
issued. 

order clear idea the inspection system referred to, 
take, for example, plumber’s street opening. The plumber must 
licensed (pass examination fitness, before the Board Plumb- 
ing Examiners), and must execute $1000 bond with the city for the 
proper performance comes the Permit Division, 
which under the direction the Bureau technical 
man, called the Supervisor Permits, charge this Division, and 
keeps direct touch contemplated work, sewers, 
other constructions; sees corporations their work 
streets previous resurfacing; that all departments are notified 
contemplated constructions; and approves every permit before 
issued. The plumber makes cash deposit covering. the probable cost 
pavement restoration. This payment includes inspection and 
overhead charge (which amounts approximately cents per sq. 
yd.). must also make cash deposit which 
retained for months, insure the city against any settlement the 
pavement, due improper back-fill, other poor workmanship. 

soon permit issued, triplicate inspection forms are made 
out typewriter the Permit Division. These forms provide space 
give the inspector the field information necessary for 
proper inspection the work. These forms are called: (1) “Pre- 
liminary”; (2) “Tickler”; and 

The “preliminary” report given the inspector, whose duty 
see that the conditions the permit are complied with, to. report 
thereon. what work was done, and, actual dimensions and sketch, 
show just how much pavement was disturbed, and the quantity 
restored and its exact location. 

The “tickler” and forms are filed cabinet provided for 
that purpose the main office, When the “preliminary” report 
received from the inspector, the “final” sent the pavement con- 
tractor, who honors as.an order from the city restore the pave- 
ment. The contractor hands this “final” his foreman, who takes 
out the work and makes the necessary repairs amount and 
location shown. 

With these repair gangs there another set inspectors, called 
maintenance men, who are entirely independent the patrol inspectors. 
The foreman the repair gang hands “final” form 
the maintenance inspector assigned his work, and this inspector’s 
duty see that the pavement, the exact amount and location shown 
the inspection form, repaired according specifications. 
then records the actual amount repaired and signs this “final” form 
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space provided for These maintenance inspectors are 
their work will the following day. 

After the day’s work completed, the inspector fills out and signs 
the reports, and mails them the main office. 
independent check obtained, and collusion almost impossible be- 
tween the inspectors and contractors the area pavemient ‘to 
restored. The paving company then presents its bill for restora- 
tion work the city, and clerk the office, uses the “final” reports 

During 1913 experiment patrol inspection was tried, the 
object being reduce the number patrol inspectors and put them 
where the work was urgent. The territory north 59th Street and 
west Fifth Avenue, Manhattan Borough, was patroled one 
inspector automobile. Previously, this section had been patroled 
twelve men. The difference cost was: 


Inspectors at. .$1 200 $14 400 
compared with: 
Inspector at... 
Chauffeur at.. 
Maintenance and 
depreciation 
automobile 


Yearly difference, $10 400 


This covered mileage approximately 132 miles and gave patrol 
inspection cost per annum $30 per mile, compared with $109 
per mile the old system, showing saving $79 per mile per 

Although this scheme worked out well the district where was 
used, probably would not effective heavy traffic sections, 
where the territory covered would limited account congestion 
and where the speed the automobile would not advantage. 

The inspection and follow-up system referred to, which includes 
number patrol inspectors and independent number main- 
tenance inspectors, has the following advantages: 


(1) places individual responsibility the inspector the 
work, the reports must signed him; 

(2) makes the shifting responsibility impossible; 

(3) Possible collusion between inspector and contractor out 
the question; 

(4) Experience shows that better results are obtained. 
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The fourth statement easily verified comparison between 
the present state the streets the Borough Manhattan and their 
condition under old system. 

highway organization, the details the inspection system 
are vital successful administration, because the success failure 
highway work depends the field The speaker believes 
that the system outlined feasible, covers all necessary requirements, 
and, properly supervised, get many the difficulties 
with which city must contend. 

opportunity say few words about the reorganization the New 
York State Highway Department, and the methods that were fol- 
lowed selecting the Division Engineers. When Commissioner Car- 
and the speaker undertook this reorganization there were only 
three regular Division Engineers the work, and, the new High- 
way Law commanded the redivision the State into nine divisions, 
there were six vacancies fill. was soméwhat troublesome think 
how secure competent engineers for these divisions who, the 
same time, would good for must borne mind that 
these divisions are very éach containing mileage roads 
great the whole Massachusetts. 

was thought practicable secure civil service examina- 
tion and appointment men who had the necessary personality, men 
with executive ‘force and the ability command. permission 
the State Civil Service Commission plan co-operation with the 
Highway Department was established the preparation and conduct 
examination, ‘which consisted three parts. First, oral 
test (and there point its being placed first) second, two theses, one 
the subject, “Essentials Highway Construction,” and the other 
any large work which the applicants had had experience; the 
third section consisted sworn statement each man’s 

There were about 160 applicants. One one the men were called 
into the office the Civil Service Commission given day, and two 
members the Board Consulting Engineers and the speaker sat 
with the Commission. was made put the 
ease the attitude the examiners, and asking them unimpor- 
tant questions until any nervousness which they felt was overcome. 
After few minutes’ conversation the leading questions, 
bring out the characteristics the candidate, were put. was as- 
sumed that the candidates were ready with technical matter, but tech- 
nical questions were avoided, the examiners were quite sure that the 
men were well equipped along that line, and not, that would 
found out the later tests. 

The object placing the oral test first, will readily seen, was 
because men executive force and strong personality were needed. 
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They might have all knowledge the world, all the edu- 
eation and experience necessary, but, they could not 
they would not make good Division Engineers. this test was 
sible exclude examinations that would follow were 
lacking necessary personality make good executives. Some fifty 
sixty men were selected, whom was thought were very desirable, 
and they were instructed enter the other tests. should been 
stated; the way, left the room the examining board 
agreed his mark before the next man called. 

The entire board read ‘and criticized the theses, and, result 
the complete examination, the Civil Service Commission 
list from. which six men. were selected from among the first seven men: 
one from the Board three from the Barge Canal or: 
ganization, one from the. Highway Department, and.one who had had 
six years’ experience the Panama Canal These six men, with 
the three from the old organization, constitute the Division Engineers 
the reorganized Department. All these men are members 
ciety, and all are also graduates recognized engineering schools, the 
several institutions represented being the Massachusetts Institute, 
Technology, Cornell, Rensselaer, Polytechnic, College 
(Ohio). 

Following this start the reorganization, each the Division 
gineers has been supplied with Assistant Engineer, the 
latter from, promotions the Department. examination was 
held, following that outlined for the Division En- 
gineers, and twelve men first thirteen were appointed, some 
divisions getting two men and the magnitude 
the work. These Division. Engineers,. technically; known 
Resident Engineers, were taken, with one exception, from the top 
the list down. passed, the case the Division 
Engineers’ list, was not passed account .any political reasons. 
had absolutely nothing with the selection these 
men. They, were chosen and appointed before any one them knew 
that. they. were being considered, nobody 
“see the Commissioner” the speaker regarding them, and had 
opportunity send anybody their behalf they had wanted te, 
and, far the speaker knows, none them ever thought doing 
such thing. .Thus seen that the reorganization purely 

Arrangements are now being made for the selection Assistant 
Engineers charge counties. The Division Engineers 
have recently met and discussed the list available men 
the recent promotion examination, and have agreed among themselves 
the disposition these assistants throughout the State 
ties. 
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attempt being made establish something approaching 
military organization, and the Division Engineer complete charge 
his division sustained. Politics will have 
absolutely nothing the work can prevented, and 
thought that can. Carlisle, although not engineer, 
has engineering marked degree possesses and 
administrative ability. 

January, 1914, there was: established system 
reports, which are really time sheets, that every man the 
Department reports the Bureau head and Bureau heads the 
Department head record what every man doing every day. 
Thus known where what they are doing, and 
that way one can readily keep track the force. 

nection with the discussion the subject highway engineering 
organizations, the members the Society are referred report 
the Hon. John Carlisle, Commissioner Highways the 
State New York, the Board Consulting Engineers, consist- 
ing Harold Parker and George Diehl, Members, Am. Soc. 
E., speaker. addition covering specifications for 
various types roads and pavements and the materials used 
therein, the report subject, organization for 
the State Highway Department New York, and gives detail 
the work covered such organization, the duties the 
various engineers included the organization, and charts covering 
the inter-relationship parts. The report file 
the Library the Society. 


very interesting discussion which has been elicited this 
subject, the writer would call attention the following points: 

Mr. James includes Pennsylvania among the States which road 
taxes are paid labor. This was abolished Act Assembly 
1911, and all road taxes are now paid money. 

Much said the the and maintenance 
improved roads, that is, roads covered with some kind paving. 
More than 90% the roads the United States are not improved, 
the sense mentioned, and probably will not for many years come. 
The most important problem that confronts the State highway admin- 
istration make these roads good possible minimum 
and generally with view more permanent improvement 
$10 000, and has with which it, the proposition com- 
paratively simple, has work with only 
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called 

Engineering union common sense and science. deals with 
the forces Nature; but far the most difficult force with which the 
engineer has nature, and ability deal with human 
nature can hardly acquired any college course. requires 
genius, begin with, and proper training, 
knowledge the fundamental principles, including principles, 
and the ability apply them effectively. 

Mr. Durham’s remarks bring out strongly the fact that although 
the organization Paris almost ideal, the results are open criti- 
cism; whereas, London, notwithstanding the fact that the organiza- 
tion contains obvious defects, the results are excellent; and Berlin 
where everything under the control. Government which has 
genius for organization, the results are variable. These facts point 
strongly the indication that administration personal matter, 
rather than question form organization, and, produce the 
desired result, must sufficiently elastic permit all men being 
assigned the duties for which they are best adapted. 

The French are very systematic and competent, technically, but 
inferior the English executive ability. The Germans are very 
skillful and industrious, but are accustomed military rule that 
difficulty apt develop case emergency special 
methods. 

The writer often inclined deplore the position many the 
who advocate the placing engineers the all 
work that even partly engineering nature. The combination 
high grade technical skill and knowledge with the accurate 
judgment men that required any high 
together with the proper understanding the many legal, commercial, 
and political questions involved State highway 
rare hardly looked for this earth; and, for man the 
head of, such organization notably deficient any the 
latter requirements almost certain wreck the department; whereas, 
man possessed these qualifications, well the 
tact required for such position, can usually make success it, 
even though equipped with but moderate amount technical 
knowledge. possessed the latter, with elastic 
organization, will have the power and the disposition avail himself 
any special knowledge possessed any member staff, 
whatever his title may be, solution any problem that ‘may 
itself. Every man has his weaknesses and ‘it 
the utmost importance that the “Chief” that none them 
allowed interfere with the smooth running the organization. 

The writer would suggest that the most 
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the head any department public works are tact, common sense, 
self-control, and the ability men, personally and com- 
mercially, and knowledge his legal rights and duties; well 
those the traveling public, the public service corporations, and the 
abutting property owners. The more knowledge 
nology has the better, but the questions which arise strictly 
administrative work are generally questions which must settled 
the spot, while those technical nature can usually referred 
some expert paving, bridge construction, tests materials, who 
should included the staff the department. 

word the politician: general idea that the politician 
professional criminal, whereas, the fact that politicians the 
higher grade are fully honest men most other lines busi- 
ness, and are not only possessed tact and sense, with 
thorough knowledge the world, but are also industrious rule. 

the statement Mr. Bennett, the effect that prominent 
engineer has said were few engineering problems faced 
highway the would say that good definition 
engineer is, man who can with one dollar what any one can 
with two; but, considering the many millions dollars spent annually 
road construction and maintenance, and the importance the 
interests involved, there ample scope for the exercise the best 
grade engineering ability. 

whether anybody reached, ever will reach, 
final settlement between, the inspector, and the contrac- 
foreman, the present state human nature. The 
strictly competent does and never will, and the 
same may with the work. The only 
thing fight out each individual question arjses. The 
writer suggest, that frequent cause, the differences 
between the contractor’s foreman and:the inspector small and limited 
knowledge .of will some, way get the 
better inspector when his guard, and the inspector 
when too The anger, suspicion, and hostility 
possession the inspector need not explained any 
almost certain will found out eventually. 

Regarding efficiency boards, the writer would say that the efficiency 
expert has his place work, but his 
the officials and employees, both high 
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standard organizations controlling this important branch engi- 
neering work. The exceptions taken the organization advocated 
misunderstanding. few those who discuss the 
apparently under the impression that the standard 
organization would not possible account the varying sizes 
the municipalities; but attempt was made outline ‘the 
principles which could followed forming organization suitable 
for municipalities various sizes. Some seem dwell length 
with existing conditions. That, course, necessary, but 
simply routine; would not do, under any conditions, plan ideal 
organization which could not operated successfully different 
laws, ordinances, and existing conditions, over which control could 
exercised; and, therefore, the first thing plan the work 
such way that can carried successfully and economically 
under existing conditions, and try have these conditions improved 
that the ‘ideal organization can put into operation course 
time. 

One the questions detail, which there seems some 
difference opinion, whether there should separate organiza- 
tion for maintenance. would seem logical that the organiza- 
tion take charge the maintenance should the under which 
the pavements were constructed, the men that department under- 
stand all the conditions connection with that work—some which 
might later date factors the maintenance problem. Having 
single organization also does away with the shifting responsibility. 
The maintenance just important part the road problem 
the construction, and pavement should laid taking into 
consideration, among other things, its probable life and the probable 
maintenance charges during its life. 

Another very important consideration, having one organization 
better personnel and makes the more useful. other 
words, important part the education. the highway engineer 
understand and realize the importance the maintenance problem. 
good many them not realize the importance this problem 
because, many cases, separate divisions are charge the con- 
struction and maintenance, and the men who have nothing with 
maintenance, rule, devote very little study the subject: 
There doubt that more study would given the general high- 
way problem all the work was under one organization; the engineers 
who constructed the pavements would that they were ‘held 
responsible for the maintenance, and would naturally give time 
and thought this phase the from this fact, would 
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work, certain degree. 

One member advocates. the general scheme organization, but 

points out that the weak point the system the question 

sonnel, and further states that the United States there trained 


class public works officials Government engineers, organized like 


the French corps for bridges and highways. view this, 
that, the light possible conditions, would seem better 
concentrate along all classes work, organizing the bureau 
sections for doing specific things, charge the man best quali- 
fied them. This, course, proposed scheme cope with 
existing conditions, which just what should avoided. Engineers 
are often too apt accept conditions they are, instead trying 
improve them, and they not strive form organization that 
will stand and that not dependent any one man suited fill 
particular position, the organization can never stable one. 
highway organization should not dependent any individual, but 
should designed that would constantly training men fill 
the vacancies those passing out, and would appear better 
policy endeavor change the conditions that prevent formulating 
organization this kind, than become reconciled existing 
conditions. 
very important consideration connection with the highway 
organization the question the esprit corps. Mr. Meeker states 
that the key-note all successful organizations that all must work 
harmoniously. matter how well the corps organized, without 
harmony will failure. This very important matter, and 
sle cannot given too much attention factor the control 
good working organization for this work any other class. 
There was some discussion regarding the method handling the 
patrol inspection. The writer advocated that the street-cleaning force 
should combined with the general highway organization, and that 
the maintenance patrol inspection the pavements should handled 
the street-cleaning inspectors the foremen. The advisability 
this method was questioned. This was advocated order increase 
the usefulness the men charge the inspection work, and thus 
reduce the cost the patrol inspection utilizing men already the 
work, such the street-cleaning inspection force, instead employing 
additional men cover the ground every day. There reason why 
the police could not also utilized for work this kind, and when 
our municipalities are further advanced, and more business basis, 
there doubt that they will more generally used connection 


with matters this kind than the present day. 
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some general principles were formulated only 
the character the organization, but the details the 
work, resulting from discussions this kind, they cer- 
tain weight and would great help engineers throughout the 
country having the laws, regulations, and ordinances changed 
make possible plan accordance with what 
other words, always easier put into anything that the 
combined opinion the engineers the country large than 
accomplish individual. effort. 
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(2) FACTORS LIMITING THE SELECTION MATERIALS 
AND METHODS HIGHWAY CONSTRUCTION. 


adopted for this the matter presented must 
new. very proper rule, but should realized that 
very difficult one live far new matter concerned, 
hard conceive this subject which has not been touched 
upon investigated more less thoroughly, except possibly from the 
laboratory end. would appear necessary, therefore, confine 
oneself academic discussion the matter present individual 
experiences showing some variation from expected results. order 
bring broad line discussion, might well, however, 
systematize the factors entering into the problem and call attention 
some phases which might investigated little more than has 
been done the past, with the hope that some important new points 
may presented. opening this subject the writer will confine 
general outline the problem, leaving the details 
discussed by. those who follow. 

The subject as: assigned may logically divided into two inter- 
locking general sections, namely: “The Selection Materials”, and 
“Methods Construction”. these main headings may fur- 
ther divided into numerous and important parts. All these parts 
should taken into consideration any public authority, such 
materials and methods involved the construction 
streets highways; and scheme plan future construction 
may laid out. This does one shall 
necessarily selected for any one street simply means 
that the class type material and that choice 
must ultimately made between several more less suitable products. 

diagrammatic outline such general scheme covering the 
that particularly novel complete, but presented for discussion 
and improvement. Although intended primarily for country highways, 
may used with equal facility for city streets. 


4 


Highways under Consideration. 
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Through traffic road 
—commercial 
passenger, both. 
Trunk. road, but 
not necessarily 
itry). Connecting import- 


trunk lines. 
Much light fast passenger 
Only local hauling. 
Roadway widths required. 
Northern. 
Intermediate. 
Southern. 
Selection Property values benefit 
Support- Vicinity large cities. 
try. Character business using road— 
esthetic considerations. 
Superior. 
erning, such 
Class. 
crown, dust, 
Inferior. sanitation, 
ete., ete. 
Cost—maintenance charges. 
Character and 
Ease handling materials. 
Relation material roadw 


5.—Materials. 


width, 
and legal organizations governing. 
IL.— railways with respect improve- 
Methods, rates, 
tion. 
4.—Availability labor. 


The selection the material used the construc- 
tion highway depends items named the diagram. The 
diagram itself complicated, but its use véry simple. 
Before commencing any large scheme highway improvement, the 
outline may studied with reference materials, methods, and 
prepared. often some essentials are not considered 
seriously are forgotten, and for this reason much money, time, and 
labor are time time, somewhat similar schemes have 
been advanced, but frequently they deal with only one essential, such 
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traflic, the exclusion other important elements. For example, 
addition traffic, the character city highway should depend 
layout the city, its topography, population; business, educa- 
tion, and, wealth; and, further, thé location the city regards the 
availability standard materials, such block, crushed 
stone, gravel, sand, tar, vitally important. 

Considering the problem country highway system, many en- 
tirely different factors enter into the selection the material, sueh 
vicinity cities, large small;. general population and wealth 
the surrounding country; whether not the highway 
trunk line for through and so, whether such traffic light, 
high-speed traffic, heavy, low-speed, commercial traffic. 

the highway secondary one, regards the through 
still may trunk line regards its commercial traffic, such 
road leading from trucking district one our large cities. 
Such highway may comparatively short one, yet the character 
its traffic actually makes trunk line. 

The least important class roads generally referred 
“local roads”. These are exactly what the name signifies, and whether 
not they are improved depends the wealth and education 
the surrounding country and its inhabitants. Such roads are gen- 
erally paid for only local taxation. 

The effect “climate” more important than often considered. 
Some pavements, such the various bituminous pavements, concrete, 
are very much affected the temperature. Thus surface mix- 
ture asphalt suitable for Chicago not suitable for New Orleans; 
and concrete wearing should better Houston than 
Buffalo. 

Three zones may recognized: Northern, embracing the New Eng- 
land States, New York, Pennsylvania, Ohio, the Inter- 
mediate, such Virginia, Kentucky, Tennessee, Arkansas, etc.; and 
Southern, such Alabama, Mississippi, and Texas, which have little 
winter. the Northern States, the selection must materials 
not affected extremes’ temperature, freezing and thawing. For 
the Intermediate, not necessary for the materials withstand 
great variations temperature. the Southern, materials which 
might utterly fail the North because inability withstand ex- 
treme cold great variations temperature, may very satisfac- 
tory. Furthermore, the exceedingly heavy and continuous rains fol- 
lowing long hot, dry spells the southern sections must taken into 
account. 

great deal money might often saved considering care- 
fully the various classes paving may suitable 
for the same purposes and yét may vary widely cost the different 
parts the country. Thus, block pavement may very reason- 
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able one for the business streets small cities regions close the 
sources supply, but for other cities, similar size, but not situ- 
ated, would grave mistake use it, because its prohibitive 
This same wood block pavement has characteristic common 
with sheet-asphalt: must receive certain minimum 
may fail. wide roadway, having only along the center, 
the blocks outside this used strip will curl under the sun and swell 
and “blow up” rainy fall follows hot, dry summer. 

Further, such material trap rock, though making good macadam 
highways New York, probably better, far wear concerned, 
than any the limestone used the West South, would im- 
possible for these last locations. Yet the writer has seen specifications, 
for roads hundreds miles away from granite quarries, which called 
for granite top macadam, though local limestone half the cost would 
wear nearly well. Again, there are sections the country where 
the high cost cement, but the comparatively low cost good stone 
gravel, makes concrete base for pavement quite expensive, but 
crushed stone natural gravel rolled base would cost and 
nearly, not entirely, durable. late years, too little attention 
has been paid the macadam base foundation for durable pave- 
ment. The public has been educated think that concrete the only 
possible foundation. The situation similar that the septic 
tank sewage disposal. Many public officials have heard and believe 
that such tank turns sewage into drinking water. 

those parts the country which there has been much road 
work and improvement, much easier get competent foremen 
and good labor than sections where little, any, such work has 
been done. The result good workmanship apparent. The 
local officials, also, are better educated these matters and more 
inclined give engineer sway. 

should remembered, also, that the character the highways, 
whether city country, must depend largely the ability the 
tax-payers pay sparsely settled region may very 
desirous having good roads and willing taxed for their 
construction, within reason, but Wisconsin, for instance, far less 
able pay per mile for highways than Massachusetts. The 
road mileage depends only limited degree the population. 

There can little question the benefit derived from the construc- 
tion good highways, but the degree immediate benefit should have 
much with the selection the material for such improvement. 
might be, and frequently appears, that the benefits long run 
from thoroughly high-class permanent construction will, theoretically, 
far exceed those derived from any cheaper construction. 
the large immediate benefit received from the cheaper construction, 
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however, and because the tax-payers are unable pay for the more ex- 
pensive construction, may much better finance put the cheaper 
highway, and thus not over-burden the community. Future development 
and growth wealth may provide equitably for the construction 
better improvement. not the same principle that governed the 
construction our early railroads? real this 
principle, not altogether possessed some engineers, that has justified 
many casés the voting long-term bonds for short-lived improve- 
ments. Such principle must used with caution, however. 
cannot defended New York but certainly can Texas 
and Oklahoma. 

addition the various points noted thus far, the esthetic fea- 
many cases, this feature should made very large factor the 
selection the proper material. Thus, smooth, well-built brick 
pavement might nearly noiseless one bituminous concrete, 
and might have much less maintenance charge and more sanitary 
but, along scenic highway where the adjoining very highly 
developed: esthetically, such the vicinity large city where 
there are many great estates, quite probable that the bituminous 
concrete pavement would considered more suitable, pleasing, and 
satisfactory those who pay for it. Such road would used 
largely automobilists and comparatively little truck gardeners. 
this highway were lined truck farms, however, could there any 
doubt selection, made between the two, should brick, 
especially has demonstrated that the bituminous concrete 
does not withstand iron-tired selection, moreover, would 
the correct one, even the pleasure traffic was very large. 

One the points which believed has been neglected the 
past the relation traffic roadway width, especially where traffic 
dense, seems the writer that possible establish logical, 
empirical, formula which would considerable help times 
the solution this vexatious problem. Some years preparing 
report popular scenic highway near Chicago, traffic census 
was taken various points, addition statistics other popular 
park highways Chicago were obtained. These were plotted, together 
with the various existing roadway widths, and several curves tried 
the same sheet. this manner, was finally decided that para- 
bolic having the equation: 


would express the desired relation. equation, the road- 
way width, feet, and the number vehicles. 
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Thus, determined from traffic census that within 
years highway will probable traffic vehicles, the 
formula would give roadway width ft., shown Fig, 

The diagram, formula, course faulty, takes, into 
count only two factors, but has help in, arriying 
sions times, and offered for what worth. 

Attention would called the fact that, because decided that 
the roadway certain width, say ft., not follow 
that the entire road should paved with expensive material. Cuya- 
hoga County, Ohio (Cleveland), has hundreds of: miles roads im- 
proved one side with brick and the other with plain macadam 
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gravel. The empty wagon and light horse traffic the latter. 
Winona County, Minnesota, has payed the central ft. some 
its highways with concrete, and provided wide macadam shoulders. 


selection materials would standard specification for gravel, 
broken stone, that there would misunderstanding 
the sizes referred to; would also the advantage all buyers 
and sellers broken stone.. present, this specified 
minimum, maximum, and average lengths diameters, pass- 
ing through ring any one all directions, the diameters 
the screen perforations, arbitrary designations, and various other 
ways. Some designate No. stone the first course laid, which 
usually the large stone, and others désignate No. stone the small 
stone which first passes through the stone Some nut 
size, which may any size between those and 
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cocoanut. The speaker presented for 
Standardizing Paving Specifications years ago, and also more 
detail one the road meetings this Society years ago, but 
very little has been accomplished since. His attention was called 
this subject the International Road Congress London: 
the summer. report the work done the (British) 
Engineering Standards Committee standardization road 
material, The published the daily official journal 
the Road Congress very little mention that work 
has been made United States. 

The Engineering Standards. Committee supported the In- 
stitution Civil Engineers, The Institution Mechanical Engineers, 
The Naval Architects, The Institution Electrical 
Engineers, and the Iron and Steel Institute, all Great Britain. 
has issued more than sixty reports, and standard specifications, 
mostly along mechanical and industrial lines. the summer 
1912 Sectional Committee road material was formed. recog- 
nized the need and importance the standardization broken stone, 
and that was the first matter taken up. sub-committee the 
various interests was appointed, and, after considerable discussion 
and investigation, the British Standard Specifications for sizes 
broken stone and chippings was adopted and issued the Engineer- 
ing Standards Committee the summer of. 1913. 

Stones in. diameter and less are designated chippings. 
There are four standard gauges broken stone, 14, and 3-in. 
Broken stone specified gauge shall all pass through 
ring, and shall consist the following percentages weight: Not 
more than 15% passing through ring every direction; not 
less than 65% more than in., and not exceeding in. greatest 
length measurement; not more than 20% greater than in. 
greatest length measurement. The specifications for each 
larger gauge are similar the foregoing, with in. added each 
dimension stated, excepting the 3-in. gauge where in. greatest length 
used. Six standard gauges chippings are namely: 
ing through hole in. square; and least 70% weight must 
retained sieve having holes in. square. The specifications 
for the other sizes are similar, with the substitution the sizes 
sieves. With sizes square holes which the 
material must retained in.; everything passing that sieve 
called sand. They also specify gauge plates, sieves, and methods 
for testing fair samples ‘at least 100 the material. will 
seen that Great Britain the broken stone divided into more 
sizes than advisable the United States. Some 
the quarries there have been developed much they ‘are down 
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deeper, and sounder and more uniform rock. Some them 
also furnish washed chippings, which are advantageous for bituminous 
work. 

The materials and quarry practices United States are 
similar those Great Britain, and, with the work already done 
the Engineering Standards Committee, will easy matter 
obtain standard specification for sizes broken stone. The 
question must considered from the standpoint sellers and 
users, for all purposes. Conditions here seem warrant that this 
subject taken this Society, and order secure some 
definite action this matter, the speaker will move that the Board 
Direction requested appoint Special Committee the 
Standardization Broken Stone, report the Society soon 
practicable.* 


Am. Soc. E.—The diagrammatic outline fac- 
tors road work submitted Mr. Green generally very satisfac- 
tory classification the elements entering into the design high- 
ways. The speaker, however, would remove the element esthetic 
considerations from the subdivision under “Character Supporting 
Country” and give separate sub-head the end the second 
column. may questionable, however, whether this item should 
have any place such diagram, devoted what may 
called the economics highways. Esthetic considerations, course, 
cannot ignored finally, but, from the engineering point view, 
they are foreign the main problem, which, highway design, 
other engineering structures, may reduced the question: 
What design will best serve the purpose intended, with due regard 
the highest yield returns the money invested? Necessity, 
course, may force substitute the question: How may the highest 
economical results obtained for the money available? Esthetics 
not factor solving either problem. 

Nevertheless, must finally considered, and the answers the 
foregoing questions may have modified accordingly. The high- 
way should designed along the same lines any other industrial 
structure, as, for instance, building for manufacturing purposes. 
Here the efforts owner and architect will first wholly 
questions utility and economy. These settled, the question 
the adaptation the design artistic standards, will con- 
sidered, and such modifications additions may please the designer, 
the owner may feel willing able afford, will incorporated. 

any event, the question esthetics, however important factor 
may considered designing city streets, boulevards, and park- 

*This matter. referred the Special Committee Bituminous Materials for Road 


Construction, with the request that some action taken secure the standardization 
broken stone the United States. 
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itself, the case country highways, almost negligible. 
The speaker cannot agree with building 

temporary, inadequate highways justifiable, except rare in- 

stances, especially where long-period bonds issued pay for them. 


the present well-developed status highway construction 
and economics, and the possibility enterprises 
real merit, the spending the public money for highways tem- 
porary life and usefulness generally inexcusable. Mr. Green’s cita- 
tion early railroad history does not present parallel case. The 
temporary and inadequate railroads built the early days resulted 
from the undeveloped conditions the principles requirements 
involved, rather than from financial economic considerations. In- 
telligent and reasonable people not pattern after them now, the 
extent adopting ephemeral and clearly inadequate construction, 
which must obviously abandoned and reconstructed few years. 
would more difficult finance such enterprise than one 
properly designed serve adequately the prospective 
the reasonably near future. 
business proposition, the speaker does not believe that 
wise justifiable issue long-period ‘bonds pay for structure the 
useful life which will but small fraction the period the bonds 
are run. other words, have ethical right saddle upon 
posterity burden from which posterity will benefited. From 
the sound business standpoint, highway improvement the benefits 
from which will its cost during its life, not justifiable 
investment for community State. 
less expenditure the building highway. more money 
the general public, now economically justifies likely justify 
during the life the improvement. strict. application this 
criterion would rule out the costly improvement many ordinary 


highways where properly road all the condi- 
tions warrant. 

The considerations relating selecting the roadway and 
the materials used its construction, submitted Mr. Green, are 
the main. apropos sound. would have 


for him add warning against the use materials, merely because 
they are local occurrence, because their cheapness, and strong 
protest against the use materials methods the utility which 
has not been sufficiently established experience. The use 


mental materials and methods, except for trial, 
ought discouraged the prudent engineer. Progress demands, 
course, that promising innovations from established practice shall 
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tried out, but the conservative engineer will prefer let other people 
the experimentation, except scale which will not result any 
considerable loss his clients, case failure. 

Personally, the speaker feels that, road and-pavement 
ought adhere pretty elose materials and methods the value 
which has been established. 

The more important country highways are now subjected very 
perience, both America and abroad, has, after thorough trial and 
much foolish and often disastrous experimentation, determined that 
certain types pavement and certain materials, can alone de- 
pended produce satisfactory results, and their use city streets 
has become standard. Among these the choice, course, will in- 
fluenced local conditions: Prudence and good engineering would 
seem dictate that should apply experience and established 
practice the construction modern roads. The common argument 
that the standard roadway pavement too great war- 
rant its use most cases fallacious untenable. established 
highway is, nearly always, permanent structure, and should de- 
signed with reference its true economy, its value invest- 
ment. If, for instance, standard brick-paved roadway will last 
years where macadam surface will last but and the 
former can maintained less annual cost, will be, ordinary 
prices, much the more the end, and the engineer should 
make this plain his clients. should vigorously discourage the 
common disposition the public its money temporary 
highway improvements because their low first should 
encourage the building roads such manner will prove most 
truly economical. These are such trite arguments that they seem 
need repeated until their truth accepted and more generally 
acted on. 

The speaker agrees that the width the paved 
roadway should determined with reference the density travel 
which likely subjected, but thinks that the tentative 
formula submitted for determining the proper width, when applied 
country roads, should with caution word 
tentative implies. The data which based seem have been 
derived from conditions heavy traveled streets, boulevards, 
and suburban roads, where the conditions very different from those 
most country highways; but, even the examples used, there 
such wide variation the figures their uselessness 
basis for determining standard width ‘roadway. Thus, 
nearly can determined from the diagram (Fig. 1), the number 
more than 600. 


Whinery 
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doubtless the higher figure indicates dangerous crowd- 
ing, but, even so, roadway only many vehicles per 
foot width cannot regarded appropriate factor determin- 
ing proper and safe standard for allowable density travel. 

the proper determined this method, only ob- 
served data, from such highways have just about the quan- 
tity travel they can safely and accommodate, should 
used. formulas from such observations would 
far more useful and trustworthy the theoretical considerations 
and conclusions that some tried work out and apply. 
very desirable from highways character mentioned 
should collected and collated. 


exposition the factors involved selection the materials 
the methods construction. His diagrammatic outline factors 
road work most interesting, and one will take the trouble 
compare this diagram with that submitted the speaker years ago,* 
interesting illustration will afforded the ideas common 
well those difference which may held two. individuals. 

The speaker has been particularly interested the scientific solu- 
tion, proposed Mr. Green, that troublesome problem, the de- 
termination the proper width roadway, and desires express 
his belief that this treatment many the present ques- 
tions highway that will most advance the status 
this particular branch the profession and erect for its future 
growth substantial foundation. 

this matter, and with the hope furnishing data 
for the basis such treatment some problems connected with 
the selection materials and highway work where the 
factor seems preponderating, speaker offers the following 
concerning traffic records general and particular instance com- 
ing under his observation 

1903 urged highway engineers take traffic censuses and 
study the relations between traffic conditions and the life, 
pense for maintenance, road crusts. also suggested that from 
the study such relations much might learned could used 
advantageously making selections for construction under known 
determinable traffic and other conditions. 

The Highway Commission began this traffic census 1906. 
1909, the Massachusetts Highway Commission took census 
traffic Massachusetts Other traffic censuses been taken 


* Transactions, Am. Soc. C. E., Vol. LXXIIT, p. 6. 
Report, Massachusetts Highway Commission, 128, ete. 
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and reported officials and individuals from time these 
dates, and though first there was some skepticism the value 
such investigations, the speaker believes that there now fair amount 
general with proper deductions made therefrom, 
they are great value. also believes that there general agree- 
ment now that road satisfactory and economical for sustaining 
rubber-tired motor traffic may not so, either for horse-drawn for 
hard-tired traffic, and vice versa, has stated previously. 

During: the summer 1913, order permit the improvement 
highway the State Roads Commission Maryland, the Board 
Park Commissioners Baltimore opened all kinds traffie 
park road paralleling the Reisterstown Turnpike for distance 
ft. Previously, this park road had been kept excellent 
the maintenance, the quartz-schist macadam, bituminous (or 
“pitch”) surface, annual cost about cents per sq. yd. Within 
days after the opening the road all kinds traffic, this surface 
“carpet” became dry weather dusty mass loose material and 
wet weather mess slimy black inch more thick. 
Depressions the macadam beneath also began show soon after- 
ward, and December, 1913, the road crust appeared generally 
going pieces. The quartz-schist had shown rattler test about 
though its cementation power, use, had proved high— 
probably due its iron content. 

Southward from this stretch, the pleasure continued 
along the main road through the park, the commercial traffic, which 
consisted mainly horse-drawn, hard-tired vehicles and motor trucks, 
being turned out the park this point. The traffic the 500-ft. 
stretch before its opening commercial vehicles, was therefore equal 
that now using the road southward from this stretch, shown 
the census under “B” Table the combined traffic the 
stretch that shown under “A”, 

The carpet referred this case was made successive appli- 
cations, 1911, 1912, and 1913, “75% Asphalt the layer 
each being covered with pea gravel stone chips, and the time 
its first the new traffic was about in. thick top 
the macadam. The last application bituminous material (or “pitch 
compound”) and stone chips was made the day before opening the 
road mixed traffic. The width the carriageway, exclusive 
gutters, ft. 

The figures the traffic census taken 1904 are inserted 
Table order give idea the increase change character 
the traffic between that time and the present. They also give some 
information the amount traffic under which water-bound 
macadam comparatively soft broken stone may. maintained satis- 
factorily not Such road crust this instance 
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required treatment pitch compound before the traffic reached Mr. 
the figure “A”, order permit its maintenance with satisfac- 
tion any cost. 


NovEMBER 24TH TO NovEeMBER 20rn, 1913. 


A ” B 
Average 
per Unite. Average Average 
hour. Units. per 
hour. 


Maryland factor. 


Saddled horses. 
One-horse vehicles. 


Total horse traffic. . 


Bicycles 
Motor 
4- “seat motor cars... 


Motor trucks 


ess 


178 


making deductions from the data Table may 
interest and value refer the similar data and the conclusions 
thereon,* furnished the speaker year ago concerning the Park 
Heights Avenue experimental work. 

One further point may indicated. will noted from the 
traffic tables that the increase traffic this section, due the 
admission commercial vehicles, was 204 units horse-drawn and 
364 units motor traffic, the latter being composed mainly motor 
trucks. Both these types have high abrasive crumbling effect. 
Evidently, the thin carpet over the soft macadam stones was unequal 
the task maintaining its integrity under this traffic, absorb- 
ing the shocks coming sufficiently prevent the disintegration 
the stones under it. Hence, under this traffic, the stones were 
abraded broken pieces, the bond the carpet the stable 
foundation was thus destroyed, and the carpet itself aided going 
pieces. The actual destruction proceeded along these lines, the carpet 
first scaling off spots and revealing these ‘places ground-up 
condition the macadam beneath. Then the scales the 


* Proceedings, Am. Soe. C. E., for September, 1918, p. 1702 et seqg.; or Transactions, Am. 
Soe. E., Vol. LXX 188 seq. 
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carpet, thus loosened, disintegrated, and finally the whole carpet went 
into dust mud. 

The experience here, well some cases with similar 
conditions the speaker’s observation, quite similar 
many instances the failure thin carpets concrete roadways, 
and supports the theory that, with friable bases, the carpet must have 
such thickness and character will prevent the disintegration, under 
the shocks traffic, the surface the base itself, suecessful main- 

Many have probably observed the development 
pavements, under amounting more than certain minimum, 
waves corrugations approximately ‘at right angles the line 
traffic, and that these waves, where they occur, have appreciable 
regularity. This regularity has probably much sug- 
gestion which has been made that such waves 
waves” distinguish them from the more isolated and 
hollows which result from excess bitumen the pavement 
one side, from settlement the pavement within small area, 
from something that Indeed, the theory has been ‘ad- 
vanced that the waves referred may caused many 
cases “harmonic percussion”, such may set 
heavily-loaded vehicle supported flexible springs strikes 
its path and attains its mass certain rhythmic vibration. This 
vibration, transmitted through the wheels the road surfaces, probably 
produces successive light and heavy stresses such surfaces, espe- 
cially when the. vehicle self- The speaker does not feel 
that the theory harmonic percussion solution for all harmonic 
waves, but merely that one possible solution them under certain 
conditions. has noticed the appearance such waves adjacent 
obstacle the path traffic when they were not visible away from 
the obstacle, although the road surface and the road traffic were every- 
where, reasonable radius, identical. the other hand, they 
harmonic percussion apparent, and these cases quite prob- 
they are due excess bitumen the road surface, 
improper grading mineral aggregate for the traffic conditions 
be: met, improper character the bitumen, possibly 
some other The speaker thinks would considerable 
the reasons for the formation the harmonie waves referred to, with 
such observations. and relation therewith 
experiences will permit them make. 


Brooke, (by letter).—There one paving 
material for all conditions, and the necessity carefully considering 


* Captain, Corps of Engineers, U.S. A.; Assistant to Engineer Commissioner, District 
Columbia. 


each case the many factors shown with such definiteness and detail 


Green has stated, the use that diagram practice is. comparatively 
simple, for will found that the many 
stricted either limitations first cost local 
ditions which automatically cut out certain materials from consider- 
ation. 

the bridge engineer; for example, the high- 
way engineer often the sum money placed his dis- 
posal not based his own estimate definite project, but that 
except careful. estimate budget, lump sum which 
spread over certain section the best advantage 
problem is, apt to, resolve, itself into materials for the 
most suitable pavement. which can for definite lim- 
ited sum, say, per sq. yd. Even this narrow choice 
careful consideration should, all the items the diagram, 
far the limitation cost will permit. 

applying all the factors.in the diagram have 
general.and permanent application given locality, 
types. 

various factors such cost, character and 
volume traffic, suitability material, esthetic considerations, 
the problem has been reduced selection one three types 
pavement streets; and concrete, cement 
concrete, or. water-bound macadam with surface treatment light 
tar for suburban.streets roads. 

the city practically nothing used standard sheet- 
quantity bituminous conerete accordance with specification 
the department. 

pavements that type laid between 1870 and 1880, appears have 
all the advantages and but few the defects sheet-asphalt, and 
cheaper. 

gravel cement base now used under all pave- 
ments, except where old macadam roads have been 
surfaced. with 

Macadam, especially old macadam road, will make excellent 
base which will outlast any bituminous wearing surface yet devised, 


Brooke. 
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but cannot kept free from local settlements, nor can easily 
economically resurfaced. man who conerete 
macadam base should realize that storing trouble for 
himself his successor years hence. 

Whether not advisable invest the more expensive base 
reduce the cost future resurfacing is, course, question every 
one must decide for himself. 

The engineers Washington for some time have been 
the opinion that better, general practice, lay base which 
will not destroyed every time new surface put it, 
and hope relieve their successors the extra expense and difficulties 
encountered during the last years resurfacing pavements laid 
macadam and bituminous macadam bases—types construction 
which conformed the best engineering practice the time, when 
the use Portland cement was still its infancy. 

For years concrete base has been laid without either longitu- 
dinal transverse joints, with significant bad ‘results, and the 
writer doubts very much the necessity the elaborate ‘and costly pro- 
visions for such construction which are often road 
work. some the cement pavements Washington, joints 
whatever have been provided, others there thin transverse joint 
every made bringing the concrete face, laying 
strip against this face, and then depositing the 
next batches against the paper. Thus far, difference the action 
the two classes construction has been observed. any joint 
used should thin possible. wide joint weak joint, 
and its partial contraction will invariably force the filler into pro- 
nounced ridge, objectionable motor traffic any thank-you-ma’am. 

When this pavement laid with curb kept about in. 
below grade, that, should the thin bituminous carpet with which 
covered prove form wearing surface, the pave- 
and still have sufficient face curb showing. 

For many years trap rock has been the standard material for water- 
bound macadam. Recent experiences the oil and tar surface treat- 
ment trap and limestone roads indicate that, for moderate traffic 
least, the surface treatment does well with the limestone with 
the trap, and the saving effected using limestone about offsets the 
first cost the surface treatment. 

Referring the practice mentioned Mr. Green, paving the 
center ft. certain roads with concrete and providing wide macadam 
shoulders for the light traffic, the writer mistake not 
make the paved strip wide enough carry two lines 
this done, unnecessary for passing vehicles cross the joint 
between the concrete and the shoulders—the weakest part the road— 
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condition which would particularly objectionable seasons when 
the earth shoulders were unsuitable for traffic, and all vehicles would 
seek the paved portion the road: The engineers Washington 
have had this experience the case trunk-line road paved with 
granite block, the center which was laid with asphalt for 
the benefit light traffic. matter fact, all traffic, both slow 
and fast, tries get and stay this 8-ft. strip, thus increasing 
both the congestion traffic and the wear the asphalt. 

The absence numerical weights assigned the factors 
Mr. Green’s diagram ‘appeals the writer being most sensible. 
The relative values given these factors selecting material 
must different for each case, table which attempts fix 
values for general application apt misleading. 

Materials and methods successful one are failures an- 
other, and lack knowledge realization the difference 
conditions the two cases often leads one draw general conclusions 
which are not warranted. 

attempt, with present knowledge, solve road problems the 
use general formulas tables is, well-known highway engineer 
has described it, “simply holding arm’s length work which should 
brought close us”. 

careful study and accurate records failures and successes, 


standardization specifications and tests, and uniformity 
methods taking traffic censuses, one can largely eliminate the ele- 
ments personal taste and judgment the consideration the 
various factors under discussion, and still further simplify and 
ardize the selection materials. 


importance; has been discussed for great many years, and will 
discussed for many years come. speaker has made the state- 
ment several times that, the preparation ‘of plans for road and street 
work, engineers were more behind ‘almost any class 
tive workers. That statement will have modified from time 
time, the subject much discussion from year year 
and from day day. 

will remembered that Green started out with proposi- 
tion that what was said the diseussion must 
very difficult requirement, and, under it, the speaker feels that 
cannot qualify, especially after listening Mr. Green’s discussion; 
thinks that man who could talk for ten minutes and say’ nothing 
but what was new every member would the speaker 
suggest one idea new, will satisfied. The point 
wants that the ideas which govern roadway and street con- 
struction and the design both must not said once and then laid 
aside. order make inspectors and road supervisors entirely famil- 
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iar with them, they must reiterated, told over and over again, said 
new way, said the same way, until they know them thor- 
oughly know: the alphabet. 

the design work this kind, seems first thing 
engineer must do—and the whole situation will discussed gen- 
eral way make himself thoroughly familiar with 
the work that before him. engineer bridge, 
what will required this bridge this building. The first thing 
the engineer must study the requirements the 

doing that, has great many things consider. That 
brought out great extent Mr. Green. the 
Until the last few years one has considered necessary, or, 
necessary, that was worth while, have traffic census, either 
in. city streets country roads. longer ago than December, 1912, 
the Road Convention Cincinnati, after elaborate paper 
“Traffic Census,” and what was gained it, State engineer 
said, “Well, after all this traffic census, you have got use your com- 
mon sense.” That true. That the very object having the 
traffic census, that common sense may used intelligently. 

traffic not the only thing that must: studied. One 
must study where the road laid, what its objects are, the char- 
acter traffics, and, another thing, not only the entire 
traffic, but how that traffic applied. 

The engineer Fulham, London, has calculated 
that, under certain traffic which has been observed, pavement 
will last for certain term years; and that, when wood pavement 
laid any street, can calculate its life accordance with the 
which applied. That must considered great ex- 
tent way which the speaker will mention later. 

Now, after one understands fully, the requirements the road, 
the next thing find out the character the materials available 
for This part the question was not nearly.as important 
years ago to-day. that time, stone its various. forms 
was practically the only road street construction. 
Now, there not only stone, but brick, wood, and the bituminous 
materials, the latter laid all their various and composed the 
different kinds bitumens. 

The engineer, studying this phase, consider first the 
acter,of the stone. must know what the different kinds stone 
will stand under the different kinds traffic. The speaker was severely 
criticized once college when said—in considering the abstract 
question foundations—that stone made the best foundations. His 
professor contended that the was absolutely wrong, because, 
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under certain conditions, sand just good foundation stone. 
Now, under some conditions traffic, cheaper stone just good 
dearer, that, though certain way one stone would better 
abstractly, the-other stone might just good concretely. 

the same way with other The engineer 
stand brick and the different grades brick; must understand 
wood, what the varieties wood will do, what kind treat- 
the wood requires; and then, when comes the bituminous 
pavements, uncertain the present time. does not make any 
difference where goes, will get different advice, different infor- 
mation. The information true, for the reason that different 
people are studying different kinds bitumens, and they know more 
about the bitumens that they studying than about any others, and 
while they are ‘giving perfectly good and true information about their 
own, seems be: contradictory what was received before, because 
they did not understand the values these other bitumens. 

Now, let assumed that the engineer understands thoroughly 
the condition his road, and all the different qualities the ma- 
terials, both their crude state, and also how they mixed 
order produce satisfactory results. 

The next thing make the application, and here there should 
elaborated what said about. the traffic and the wearing out 
the pavement certain length time. Take, for instance, the 
assumption that 60000000 tons will wear out pavement, 
and the road will receive tons traffic per year. The logical 
deduction would be, then, the pavement would last 
Not necessarily; because there are certain materials use which are 
affected chemically climate and the natural action the atmos- 
phere. 

Now, was stated Mr. Green, wood and the bituminous pave- 
ments require certain amount traffic order give the best 
results. that, even there exists which, theoretically and 
would wear out the pavement years, 
nomical and best for the pavement; and, account climatie condi- 
tions, might destroyed disintegration and decay before was 
worn out. Brick and stone are probably the only paving materials 
now use the life which determined according the fore- 
going principles, unless the traffic heavy that will wear out 
the pavement before the materials decay become disintegrated. The 
best illustration this the use wood. these 000. tons 
traffic will applied pavement before the wood would naturally 
decay, there necessity for treating the wood with any material 
that will prevent from decaying. That principle recognized 
where, the great majority cases, the wood will wear 
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out before will rot out, and only superficially treated: 
Paris, where they use soft wood, and where the wear the 
certain streets such that the pavement will last only years, 
they use what might called treatment; that is, the blocks ‘are 
immersed for perhaps hour oil and then laid the 
streets. 

Paris, last summer, was erecting plant which the blocks will 
receive treatment per cu. ft. That not necessarily 
keep the blocks from decaying, but prevent them from swelling 
and causing the pavement bulge. That the main thing that 

can readily seen that would wrong use elaborate 
form treatment prevent decay when the block itself will wear 
out before would rot out. 

America, where there not this intensive traffic, and where 
pavement expected last longer, entirely different propo- 
sition. Take certain street, for instance, Brooklyn, where wood 
block has been laid about years. Practically repairs have been 
made, and the traffic continues has the past years—and 
being residential street, probably will—that pavement will not 
worn out years from the time was laid. will seen 
how necessary lay treated blocks under such traffic, that they 
will last long they can, decay and for 
that reason makes difference whether the amount traffic: that 

There just one little point more, which was referred Mr. 
also certain extent, Mr. Whinery. All these different 
principles that have been spoken can settled the laboratory; but, 
engineer determines granite, for instance, for certain street, 
and writes his client, who may 400 500 miles away, and tells 
him his decision, the client might write back and say there not 
granite quarry within 1000 miles. The point recognized 
the question availability. That the utmost importance, and 
the speaker has often thought that, the possibility, rather the 
power, Nature furnish everything necessary for the development 
the world, the development civilization has been shown the 
pavement line much any other way. 

the Central West, where there rock for 
where all outside materials can only brought great expense, 
Nature has furnished material—clay—from which can be, and is, 
manufactured brick that gives satisfaction and almost durable 
the best stone itself. 

summation, let said that engineer, who has roads 
street pavements plan, has first knowledge the conditions which 
his pavements must meet, understands thoroughly the qualities 
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the available materials, and with that knowledge makes his appli- 
accordance sound taking into considera- 
tion the conditions and the availability materials, 
will undoubtedly reach conclusion that will give satisfactory results. 

The following question has been asked: “What would 
considered, and would govern, making selection asphalt blocks, 
brick, bituminous concrete for street, say, This 
easily answered, because, matter fact, Brooklyn uses only one 
the materials mentioned, viz.; asphalt blocks. Brick has not been 
used because expensive and makes more noisy pavement than 
asphalt, that the latter more desired the property owners. 
Asphalt blocks are generally selected preference: asphalt where 
the grades are comparatively steep. The blocks are less slippery than 
sheet-asphalt, they are made materials, and account 
the joints between the blocks. Brick would selected for street 
which the traffic would too heavy for asphalt block. The speaker 
has never used asphaltic concrete, and cannot give opinion 
whether this material would give better wearing surface than asphalt 
blocks. 


Rosert Am. Soc. E.—The speaker cannot accept 
the theory waves, said due traffic, nor the beautiful 
system harmony the spheres, practical experience, has 
been learned his Department that very necessary indeed watch 
the output the mixer carefully. The proportions stone, sand, 
and asphalt may all right, but the first run the mixer will 
too rich asphalt, the middle the run will just right, and the 
latter part the run will consequently, one would have 
pavement composed of, for example, 12%, 8%, and asphalt, 
all from the mixer, notwithstanding that the stone was weighed 
and measured carefully, the asphalt, before either was put 

This mechanical failure often overlooked. much 
trouble that the speaker was led make careful ‘investigation 
the run the mixer, and was found that, many cases, the asphalt 
which had been condemned not being properly mixed, 
owed its lack uniformity, not the workmen who were charge 
(they had done their duty faithfully and carefully), but 
machine, 

connection with this theory harmonic waves, there was one 
very made Mr. Washington which worthy 
more than passing notice, namely, the irregularities caused 
rolling. The speaker has had considerable trouble the past, even 
with water-bound macadam roads. When the causes the so-called 
waves carefully analyzed, will found that the trouble lies, 
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not the traffic, but faulty construction. The first macadam roads 
United States were rolled with heavy 
There never were any waves those roads. Later, endeavor was 
made reduce the cost construction, and, horse rollers 
were substituted for the heavy English steam rollers; dif- 
roller was brought forward the The speaker tried them, and 
had macadam roads ‘with harmonic waves long automobiles 
were used. The real reason for these waves, hills and 
the road, may found the method base 
not thoroughly not thoroughly rolled; not brought 
once, they will eventually. this wavy base 
concrete which uniform composition, 
sets waves—two sets hills and hollows—will not 
due traffic, but careless construction. 

Highway engineers should not try dodge their responsibility for 
poor workmanship charging motor the rhythm 
with which they travel over the highways, when the fault lies the 
manner construction. This must carefully watched. Careless 
construction was one the reasons for the failure many pene- 
tration roads.. The speaker has had experience with penetration roads 
which was told that the distributing wagon had stood 
time certain that the hump bitumen, seen 
the due the fact that the controlling valves were 
leaking. 

one case, coming under the speaker’s observation, 
knew that the wagon had not stopped within 100 particular 
point; therefore, this explanation was evidently wrong; hence, series 
investigations was made, whereupon was found the percentage 
voids the road varied greatly. Where the road was comparatively 
dense, the bitumen appeared humps top and disappeared 
entirely depth in., and where hollows was found 
that the bitumen had penetrated many cases the depth in. 
The same quantity bitumen per square yard surface haying been 
applied, there was consequently recurrence the fat and 
mixture encountered the output the mechanical 
mixer. careful analysis numerous faulty spots, both broken- 
stone and bituminous pavements, has convinced the. speaker that 
the varying percentage voids fruitful many 
failures; other words, lack homogeneity the mass the 
real cause the wavy surfaces often seen. 


Assoc. Soc. E.—These remarks may not 
have literal application the discussion “Factors limiting the 
selection materials and methods highway construction”, but, 
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with wood paving blocks, the speaker the 
opinion that some mistaken ideas are abroad which should cor- 
rected. 

practice has been customary use very light 
treatment preparing blocks, that treat them with 
oil per cu. some instances merely dip them into the 
preservative. 

principally used:in France known “Landes” pine; 
blocks very uniform wear, and that the very 
sembles southern short-leaf, yellow pine, with the difference that the 
wood much more nearly uniform density and strength 

Tests made the Borough Manhattan, and the Department 
Forestry, United: States Department Agriculture, show 
very clearly that although some American pines very much resemble 
the timber used France and England, are much less uniform 
characteristics southern pines will considered 
more detail later. 

follow the European using light treatment This 
method will have the effect leaving some the blocks the pave- 
ment untreated. This condition indicated some extent for- 
eign countries, where numbers blocks have removed account 
rotting. 

All the speaker’s experiments and—what more 
value—of the actual condition, sq. yd. blocks after treat- 
ment, charges 400 500 sq. has him that, 
increasingly difficult get either uniform distribution oil be- 
tween the individual blocks making the charge, satisfactory 
penetration all the blocks. This difficulty can 
some slight extent the slow application the oil, but this not 
commercially: desirable, for the reason. the time 
often curtail the output plants fully per cent. 
Attempts treatment have been many 
one case, 000 sq. yd. were being treated with lb, per cu. ft. The 
specific gravity the oil used was 1.06 38° cent. first 
treatment, was tried, but. was found necessary this 
because many the blocks, when the lighter treatment was 
applied, showed penetration only in. surface. The 
inference is, that injecting lb. less into the blocks, the dura- 
tion time the pressure applied the too 
short allow the pressure raised height sufficient cause 
oil penetrate the denser and harder blocks before all the oil used 
up. reported December, 1912, various samples 
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tested for the Department Public Works, Manhattan, was shown 
that the quantity oil taken per cubic foot the blocks, under 
pressure 150 per sq. in., which pressure was necessary inject 
average lb., varied widely among the different 
southern yellow pine blocks making the blocks 
received the equivalent lb. per cu. ft., and others received only 
less than lb. cylinder pressure, lb. injected. 
thus treated, many blocks charge would receive practically 
oil. lack uniformity material, though not the 
pine and “Baltic indicates cause for decay individ- 
ual blocks, 

There very general use, some wood block manufacturers, 
the term “Southern Yellow Pine” the timber used man- 
ufacturing their produet. This nomenclature, used the 1913 
Proceedings the Association for Standardizing Paving Specifica- 
tions, intended cover all the five more varieties pine found 
the South, and was stated the “discussion” the time 
their adoption. That the term misleading, indefinite, and inac- 
curate readily seen reference Bulletin No. the Division 
Forestry, the United States Department Agriculture, which 
five species pine, several them occupying large and definite areas 
the Southern States, are given, follows: 


“Long-leaf” pine (“Pinus palustris”, Miller) 
“Cuban” pine (“Pinus heterophylla’) 
“Short-leaf” pine (“Pinus Miller) 
“Loblolly” pine (“Pinus taeda”, Linn); and 
“Spruce” pine (“Pinus Walt). 


These species vary widely physical characteristics, such aver- 
age percentage resin, number annual rings, cubic 
foot, average percentage heart wood, strength compression 
fiber parallel the grain, etc. Two these definite groups will 
the Department Agriculture showed the following relative 
values: 


Long-leaf. Short-leaf. 
Strength compression (per 
square inch) 


“From these results, though variance, 
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are justified concluding. that Cuban and Long-leaf are nearly 
alike strength and weight, and excel Loblolly and Short-leaf about 
per cent.” 

These values were checked experimental tests, Columbia Uni- 
versity, samples secured the speaker for the Borough Man- 
hattan, which reference has previously been made. The results 
these tests given here, the tests were made demonstrate 
the value requirement minimum number annual rings 
however, that the average strength three samples long-leaf was 
more than 10000 per sq. in. compression, parallel the fiber, 
some samples short-leaf were low 5600 per sq. in. 

Other tests, made this time the Highway Department, in- 
dicated clearly that pine, compared with 
has greater range expansion and contraction, and more 
the species considered has its uses, but, they often vary 
price, well physical characteristics (as has been shown), then, 
for the mutual protection the bidder and the ultimate user, engineers 
should specify clearly the supplied. 

the matter the limitation mentioned Mr. Tillson, the 
speaker heartily concurs. would not reasonable conclude that, 
simply because block might possibly wear out before would rot 
out”, would wise use very light treatment. 

would necessary use certain quantity oil order 
protect the blocks against bulging “buckling”. The proposition 
use untreated timber also unwise, because has been observed that, 
certain varieties pine, untreated, are exposed the weather, 
they will destroyed other destructive agents less 
than years. 

Mr. Meeker’s remarks with regard proper proportioning and 
mixing are extremely Several engineers the Bureau 
Highways, Manhattan, have endeavored for the past years 
restrict the use machine mixers those the “batch” type. 
has been noted that many “continuous” mixers furnish mix which 
often too “lean”, and other times practically devoid stone. 

continuous mixers are not considered safe for use such 
structures the Panama Canal, the Keokuk Dam, the New York 
Subway and the Aqueduct work, their use should not permitted 
for mixing concrete for foundation for pavements designed for 
heavy traffic. 


Jun. Am. Soc. E.—Referring concrete 
pavements which there appears some pulverizing action under 
the bituminous carpet, the speaker has made quite number in- 
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vestigations pavements this type and, the few cases where 
such condition exists, has found that the surface the pavement, 
prior the application the bituminous carpet, was poor quality, 
the use poor aggregate, because the surface 
the conerete had been frosted. 

floating concrete made from aggregate which there 
objectionable quantity dirt loam, this unsatisfactory fine material 
the top the concrete and makes surface which 
poor strength and which another material does not 
skin the concrete thus formed might show the pulverizing action 
which Mr. Crosby has referred. 

When the concrete has been frosted prior the application the 
bituminous top, the same result would expected, 
the thin layer loosened from the concrete the freezing action would 
pulverize rapidly under 

When properly made concrete covered with bituminous carpet, 
and this carpet later peels off, there usually very little material 
such gravel, mortar clinging bituminous material. 

would-be interesting know the location the roads which 
Mr. Crosby refers, and ascertain whether report the character 
the aggregate and time doing the work available. 

Assoc. Am. Soc. E.—Speaking about 
harmonics and what Mr. Washington has said, the speaker would 
like relate one little incident which happened Second Avenue, 
New York City, which brings out that point rather clearly. 

From 23d Streets, Second Avenue, experimental pave- 
ments have been laid and one stretch, between 15th and 17th Streets, 
the pavement block. This section ‘itself experi- 
ment, different qualities blocks being used within the area. One 
part laid with soft blocks having large percentage bitu- 
men. Other sections are laid with harder blocks. 

About year after the pavement was opened number 
depressions and holes appeared, and the wave effect which has been 
mentioned was also evident. became necessary replace these 
defective parts, and ripping the old blocks, curious condition 
was found. The asphalt blocks which were lined perpendicular 
the curb had taken semicircular form; they had moved one 
another under the heavy traffic, that waves were formed. Originally, 
the blocks were in. wide, in. long, and deep, When removed 
their depth was found vary from minimum in. 
about in. The width and length had correspondingly increased 
diminished, showing that there was little any wear the material, 
but distortion the blocks had taken place. This showed 
conclusively that the moved and worked into 
semicircular shape, because the blocks were soft, and not account 
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rolling. Adjoining these particular blocks were some harder 
nature which retained their shape, thickness, and alignment. 

Approximately every and perpendicular the curb, steel 
plates were embedded the concrete foundation, extending into 
the asphalt block joints. The object these plates was prevent the 
and distortion the blocks, which was anticipated. The 
plates, however, took the same semicircular shape with the blocks, the 
pressure evidently being great enough detach them from the con- 
crete which they were embedded. 

There was grade that part the street where these blocks 
were laid. The traffic, both light and heavy, moved the direction 
the curves, and the latter had middle ordinate about ft., the 
chord being about ft. 

This incident seems show that this case the wavy effect was 
due the softness the material under heavy traffic, and not any 
other cause. 

There another point, which has not been spoken of, but 
great importance. the factors which limit the selection pave- 
ment used the railroad area city streets—-asphalt, wood 
block, granite, other material used streets. Many. streets 
have car tracks the The question always arises, shall the 
same pavement that used the roadway placed within the rail- 

According the usual railroad laws and charter requirements, the 
pavement railroad for ft. each side them, 
maintained the railroad company, but must constructed 
accordance with specifications prepared the city engineer. 

Investigations in, New York City have shown depressions 
and other defects pavements between the tracks and near them, than 
other places. The question, therefore, naturally arises, which 
best pavement place the railroad area? Asphalt, 
granite? 

The opinion Manhattan Borough seems that 
the improved granite block the most satisfactory. has some dis- 
advantages, however, account the ties which come between the 
slot rail and track, which make necessary chip the granite 
blocks make them fit well between these cross-ties. 

The joints, Manhattan Borough, are made with paving pitch 
and sand. The speaker is. that the street railroad companies 
Brooklyn have used cement grout almost entirely during the past 

This brought with the hope that some one will discuss 


and give his experience with relation pavements the railroad 
area, 
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Ricker, Am. E.—In reference this sub- 
ject materials some curious things have happened the New York 
State Highway Department, disclosed recent and 
steps are being taken try and correct mistakes that have been made. 

Roads were designed some the engineers who had never seen 
the territory which the road was located. Specifications were applied 
sections which the engineers were totally ignorant conditions. 
The speaker found places where solid rock was being excavated, and 
the road replacing made concrete, and where bituminous roads 
were built blow sand foundations. present the Division En- 
gineers are required send in, with their plans roads im- 
proved, report their personal inspection after walking over them. 

The Department has also instituted survey the State locate 
available materials. One the Assistant Engineers, who some- 
what geologist, and has been engaged the Testing Bureau for 
some years, has been assigned the work examining materials 
all parts the State, chart being compiled record his 
examination. 


Assoc. Am. Soo. E.—The speaker cannot say 
much about asphalt bituminous pavements, 
but readily agrees with what Mr. Washington has said regarding Mr. 
Crompton’s ideas rolling. believes that waves such men- 
tioned Mr. Crompton might occur some hard homogeneous mate- 
rial, but, with one plastic bituminous such waves 
are likely due two causes: lack and lack 
homogeneity the material. Most highway engineers are 
with the effect cross-rolling, and the speaker believes that, ‘roads 
generally were rolled crossways, well the regular 
waves would not occur frequently. 

doubt the uniformity the material, or, other words, the 
number voids it, has very great influence the evénness 
wear; and the secret obtaining good road, other things being 
equal, the even distribution. voids throughout the 
material. 

Attention the measurements wear pitch-macadam 
pavement made Mr. John Brodie, City Engineer Liverpool, which 
seems the only instance measurement wear under 
known tonnage traffic. Some method such uses seems 
desirable for the determination the relative life the various kinds 
hard pavement, including asphalt block. The speaker not in- 
formed any measurements which show the relative asphalt- 
block pavements, and believes that this subject interesting field 
for investigation. 


im 


eld 


Henry Soc. E.—Reference has been made 
stone block pavements the car tracks, the different methods 
filling The speaker thinks important point New 
York City practice was not brought out 
plains very largely the difference between the practice the Boroughs 
Brooklyn and The Bronx and that adopted for Manhattan, and 
mostly due the radical difference the types track construction. 
Manhattan underground current-conductor with central slot 
rails used almost entirely. all the other Boroughs 
current from overhead wire, necessitating work 
the track. The Manhattan construction requires possibility 
vety frequent ‘access the substructure, for repairs either the cur- 
rent-conductor system cast-iron yokes carrying the track. There- 
fore, has been found more desirable use type pavement which 
can easily removed and promptly réstored after repairs are 

The use cement grout filler gives excellent surface 
between the rails, seen some the Brooklyn and ‘Bronx 
streets; but were used the Manhattan track construction 
would render very difficult the making any openings for repairs 
the numerous hand and manhole and structures, 
filler repairs largely explains the difference 
practice. 

experience contractor and engineer, the speaker wishes em- 
phasize the importance which ‘he attaches traffic censuses con- 
nection with this matter, learned from 
European engineers, traffic censuses have been for many 
years both France and: England. Such soil and geo- 
logical surveys, important part the work pre- 
liminary the design any highway. 

During investigations in. New York State,, Commissioner 
Board of, Consulting Engineers,* realizing the variety 
conditions obtaining the State, recommended 
“material” survey the State, order make the 
Highway Department; information inestimable value local 
rials were used economically. 

example proper utilization local material might 
cited the case section Route extending across the southern 
tier counties of. New York. was found that appropriation 
of. 000:000 was available for the construction more than 150 miles 
road. order meet the demands the people for 
mileage under this appropriation, the engineers 
had designed single-course semi-Telford road, local material 
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available was soft sandstone would rapidly disintegrate 
under wear and weather. Due long hauls from stations, 
was found that. the limestone for the. 
trap rock for the top would require the expenditure large 
money. The Board Consulting Engineers, therefore, decided 
gate the local sandstone, base sandstone, complete the 
pavement with bituminous carpet. 

Highway require more definite knowledge relative 
the life various types roads varying local con- 
ditions. Massachusetts, apparently, about the only State which 
has made careful series records covering the wearing qualities 
conditions. Every State should emulate Massachusetts and. endeavor 
ascertain, under their local conditions, the value materials 
which. are available for road building and the service which given 
type road will give under known traffic, and careful should 
taken. covering the rate wear under traffic and the deterioration 
due various climatic conditions. 

waves in, road surfaces, This expression evolved 
that and road builder, Col. Crompton, London; 
who has ascertained that roads have tendency creep form 
miniature hills and hollows, With certain types traffic, 
found that the distances between the hills and hollows have certain 
relative The speaker, company with Crompton, ex- 
amined one road there were more than 1000 motor busses 
per day, and found series long waves, which occurred with great 
regularity throughout the length the The speaker believes 
that improper rolling the road and the compression the material 
are the main factors influencing the formation harmonic waves. 
develops the harmonic waves due primarily vibra- 
tion the motor cars over them. ‘During the 
rolling will noticed that the material rises front the front 
roller and pushes ahead finally ceasing move 
forward, which time the roller goes over it. examined, the road 
surface will found have marked swell. Crompton has 
endeavored solve this problem devising machiné with three 
sets rollers, instead the ordinary tandem roller. The first and 
third rollers are somewhat lighter than the second one. The first 
roller consequently smooths and the material, but does 
not put excessive’ weight it. The second and third rollers give 
the additional compression necessary. has been found possible 
secure much smoother base and surface for the road with this triple 
roller than with the tandem roller. 


nent engineers who have engaged this discussion. Naturally; there 

and ignore such Too often; engineers 

believed also that Mr. Whinery incorrect his statement 
that the temporary and inadequate railways built the early days 
resulted from the undeveloped conditions the principles and re- 
quirements involved, rather than from financial economic considera- 
tions. Undoubtedly, much poor engineering was perpetuated, but also 
much was the highest order, that adapted its construction 
its pocketbook. comparatively simple build well with 
unlimited pocketbook, but certainly higher order intelligence 
often required well with little money. 

the roadway diagram, Fig. would appear Mr. 
Whinery failed use with the advocated the writer. 
According the diagram, the roadway width the boulevard having 
600 vehicles per foot width should have been least ft., instead 
ft., actually is, and, future traffic increase taken into 
account (as should be), the width would increased accordingly. 
cannot maintained that the roadway width straight-line 
function the traffic. believed Mr. Whinery would think better 
the diagram question studied and its text little more 
carefully. 

Mr. Tillson encountered the same obstacle that the writer found; 
that is, the difficulty describing “new matter”, but got around 
more gracefully. However, the writer disclaims its authorship; was 
simply one the Society’s rules governing this discussion. 

Mr. Tillson further calls attention the late practice the City 
Paris treating paving blocks with oil under pressure the 
amount lb. per cu. ft. This largely for the purpose 
preventing the blocks from swelling. The writer, however, believes 
that swelling will not prevented that manner. Longview, 
Tex., September, 1913, after hot dry summer, was found that 
blocks treated with true creosote oil 1911 absorbed nearly 50% 
their volume water and had lost nearly 50% the contained oil.* 


*Enqineering News, December 4th, 1913. 
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The writer agrees Mr. and Mr. Washington 
manship and materials than Diversey 
direction, one side has pushed into these 
exceedingly rough. other side quite 
rial both have been the cause 
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(3) METHODS FOR MAINTAINING 
BITUMINOUS SURFACES AND BITUMINOUS 
PAVEMENTS. 


divided naturally into The first includes what usually 
classified ordinary maintenance; such patching, 
The second covers re-treatment the and the renewal 
the seal coats the pavements; third includes the re-shap- 
ing re-surfacing roadways carrying bituminous surfaces, and the 
re-surfacing reconstruction the pavements. 

The diseuss the work with which 
roads outside the cities centers, and will consider the equip- 
ment needed followed maintaining: bitu- 
minous surfaces consisting hot cold oil, tar, and sand, gravel, 
chips; bituminous composed -broken stone and 

not intended take the cost maintenance, for though 
this: cost might regarded equipment’ and 
proper methods; probably varies much different localities that, 
cussion, unless the conditions are and the prices paid 
any are known. 

its own gangs and equipment, rather than contract, 
except possibly extensive re-surfacing. 

patching, only small gang the 
simple. There should one portable melting 
kettles, small portable one two small tents for 

faces ate much the same. Generally, one should 
the kind bituminous material for patching was used 
heavier grade, except: with chips, for filling depressions. 

the writer’s opinion, only so-called dust-laying, 
even with these, light probably: 
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without however, not. advisable, the 

patching ordinary~oil ‘surface, one should first attend 
the depressions. Slight depressions can filled with oil, tar, and 
sand, gravel, chips; they are stone or, slag should 
The depressions should cleaned, and the edges cut out 
necessary, in, order allow thorough new and old 
material. 

Although the best results are obtained mixing bituminous 
material and sand, stone, before applying, satisfactory results 
may obtained without mixing, the work is.done 


slight depressions, where the materials are not before: applying, 


deep: slag the oil with which 
béen coated, then more and covered with 
material required. 

will result eventually the the the 
bunches. 

visable for lighter grade may be:used. 
required for some time, but will-develop 
deep depressions should with heavy oil and 


vent the picking the surface, which may soften certain 
conditions. Covering also partly remedy for, the con- 
dition incidental any bituminous surface during weather,, 

practically the same equipment required and methods 
should followed for the original treatment, except that usually 
less bituminous material needed. 

The life bituminous surface, the length 
before re-treatment necessary, will depend conditions, 
the amount and kind travel, Where conditions are 
for such treatment, however, and the travel, especially the horse- 
treatment, patched occasionally and 

through the winter until application ‘is 


the ‘Where from gal. ‘per'sq. yd. the heaviest’ 


omitted, the patching will naturally increased. 

application will necessary each although 
Where unrefined water-gas tar applied, two applications’ are 
considerable quantity patching will 

equipment, for handling the lighter gradés 
materials, one two distributor carts and pump 
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these materials from the tank-cars are required, should 
also tents for the laborers, unless vans are 

the heaviest grades oil used for surface 
work, the following needed: 


One 12-ton steam roller, 

One portable heating boiler, 

One steam pump, 

Two steel tank-wagons, 

One pressure distributor (if mounted separately, two attached 
the tank wagons), 

One two watering carts, 

One 2-horse sweeper, 

One portable tool-house, and 

Two large tents vans for laborers. 


distributors, for handling the road oils the corresponding 
the bituminous material broomed after applied; but the cost 
been obtained with gravity machines distributing even the heaviest 
grades of. bituminous materials for surface work; but. 
if, the conditions are not favorable, are such that they 
should applied .pressure possible. The 
distributor just described, one. with gas-engine pump mounted 
either separate gear, may used, but. one 
operated steam will give the best results. advantage the 
distributor the possibility cleaning out the pipes and 
nozzles blowing steam through them. the distributors, 
there seems little choice between the using the direct, pres- 
sure steam the tank for distributing pump. type, each 
having its advantages. 

facilitate covering, the sand. other material, should piled 

Before commencing distribute the bituminous material, 
face should cleaned horse and: with hand-brooms, 
needed, 

Where the, heavier grades oil tar used, well 
the old surface the new bituminous material, but 
watering not grades the surface 
dry. 


face 


hed 


applying more: grit though some bituminous 
will take only enough grit mixture, 

such are those the re-treatment surface; 
should lighter grade tham the pavement: 
acts some extent dust absorbent, 

Re-Shaping Re-Surfacing.—Although surface consisting 
suitable, will carry ordinary and 
road, metal, because repeated treatment 
bituminous material. will cause the formation 
necessary, 

When this stage reached is, always well more 
travel, and ,will conditions which the. writer 
believes, are.not clearly although bituminous 
the change the travel largely. 

however, that there will always money avail- 
the application another bituminous surface, 
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shake worn out material the be) followed 
somewhat different, mention the that although, 
results, for later treatment. 
minous material yet problematical roads outside 


| 
| 


for the during the working 

the amount work done Warrants the store- 

and not possible, the time the 
accounts which should kept maintenance work. writer be- 
lieves, however, although ‘consideration cost especial 
comparison ‘of the cost work different one section 
valuable, and necessary order determine and 
methods, are most ‘economical, and also whether the 

Daily reports giving details ‘of the cost submitted 
the and record these, of, bills for, materials, 
should be, kept, way that the of, the dif- 
ferent, kinds of,, work, easily: ascertained at, any, time. 


the matter maintaining bituminous surfaces and bituminous roads 
said regarding their ‘maintenance ‘and repair. The 
concrete pavements and cities have been 
have given preference brick, block, ‘and ‘other types 
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pavements will discussed later. 

cently, the only thing which could done was cut out the bad part 
repairs are more than 60% the pavement, this best 
method. used, all the bad material 
out, pavement should carefully painted. with 
Mr. Farrington states, effort should make, the repairs 
with materials the class as, those used original 
ment. the larger cities, wherever the 
nomical way obtain the mixture from some paving contractor. 
cities advisable obtain one the, small mixing 
plants which the market and now available. The 
mixer has proved exceptional value for this work, and now 
used number cities Middle West for repairing ‘both 
sheet- asphalt and asphaltic- concrete pavements. 

asphalt pavements, which only small depressions 
waves appear, the most economical and probably best ‘to 
burn off about in. the top and make the repairs what 

only necessary to. put patch about in. thick, instead 
and the entire of. the, pavement. 

off quantity the top. surface, 
the exception.of the upper which This heater has 
work, possible about 500 sq, yd. per day with one 
machine. and experience,, however, are necessary repair 
re-surface pavements properly burning. should not attempted 
method which can recommended for general small cities 

the past few years ‘many attempts have made re- 
melt and use the old material for repair work, but, the present 
time, method been developed. The Noyes crushing 
been’ successfully for pulverizing the old material, 


a 
ae 


DISCUSSION ‘ROAD’ CONSTRUCTION AND MAINTENANCE 1163 


hese but the proved difficult matter, and thus far has not 
has crusher, can used considerable extent binder mixture, and 
mixers claim re-melt old material satisfactorily, but 
otal nearly every instance considerable burning takes place. 
About years writer made new experiment repairing 
sheet-asphalt pavements, The section pavement repaired was 
vith very badly cracked, and contained three holes; each about yd. 
airs and tamped, and applied about gal. per 
and thoroughly tamped into voids. squeegee seal coat 
tor, was applied over the entire surface, including the stone 
ing recent inspection strip pavement showed that was 
id” still excellent condition, so. that, without question, has 
already prolonged the life that particular piece pavement years, 
oth and from will continue prolong. its life another 
years. account the success this experiment this method has 
been used for repairing sheet-asphalt pavement two three other 
small cities parts the country, and the present 
time, reports have very favorable. This method could 
more economical than, the use cement for repairing 
nous surfaces. 
best method use small mixing plant, such the “Rapid” mixer, 
these machines and the ease, with can made, will 
st, 
ith There are two, causes for trouble with: bituminous sur- 
faces consisting the superficial treatment tar, oil, asphalt. 
One the fact that, number instances, too much bituminous 


The other source trouble due lack sufficient. bituminous 


and treated proper time and with the proper quantity mate- 
tial, the road pavement can excellent. 
small cost. 

writer agrees with Mr. Farrington the statement that 
not advisable present discuss the cost maintenance, this 
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when work different, localities considered, 
unless unit costs are standardization system giving 
data, both paving and road and paving 
road is: greatly needed, much 
The question equipment methods bitumin- 
further experience, may cited this same topic, especially refer- 
ence and the best methods for use towns 


‘considers ‘the work maintaining surfates and 
under three heads: first, routine 
being the continuous small areas surface pavement} 
re-applications bituminous materials over practically’ the 
whole surface; third, reconstruction the wearing course. 
second and third classes ‘be accomplished 
volved usually identical with those primary construction. The 
relative advantages the general methods réferred the 
equipment required have formed the subject-matter several previous 
discussions before this Society.* The will confine his dis- 

considering ‘the equipment required continuous 
cite certain factors and which’ appear 
essentials economical and satisfactory maintenance. 

1.—Small failures wearing course, wearing away 
the bituminous surface ‘on comparatively 
repaired immediately. the rate disintegration will 
materially increased, the annual charge greater 
than and the surface will unsatisfactory the users 
the 

maintenancé should that the high- 
way may once opened traffic without injury résulting 
repaired sections, the repair ruts, and other holes 
depressions, this implies the use bituminous materials much 
lower penetration than have ordinarily been used many cases. 


Transactions, Am. Soc. E., Vol. Vol. LXXV, 548; and Vol: 


construction. 

enced in, the maintenance of. highways, 
jurisdiction. 

case bituminous surfaces and. bituminous such, that, 
success, the construction and maintenance highways 
one engineer. 

aecomplish maintenance and efficiently 
under the foregoing conditions, the squadron, operated, 
local ‘conditions, such the mileage highways to. maintained, 
their relative location, the types surfaces and pavements, the kinds 
bituminous materials used, the mileage under guaranty, ete. 

all holes, ruts, and other depressions 
each case, and, second, applying bituminous areas 
flying repaint other routine, repair 
equipped will prove, most satisfactory: suggestion 
having been recommended used for, for several years. 

The be, carried the motor truck. for 
work outlined should following and 
tools: rotary heater and pug mixer; two heating tanks; surface 
heater; storage tanks and barrels for bituminous materials. different 
types grades; storage capacity for small tools such brushes, 
squeégees, cutters, pouring cans, irons, picks; and 
storage for paints for guard-rails, 
gates, and road several sizes. Although capacity 
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for aggregates and road metal called for this equipment, 
should noted that only few materials will 
carried, because the maintenance work performed will confined 
the repair small patches. Usually, will practicable reload 
truck each day. The fixtures for the equipment described should 
arranged readily removed, thus allowing the truck 
utilized for general hauling The equipment’ 
should not confounded with the elaborate equipment 
cover all phases repair work recommended 
speaker believes there danger overloading truck with 
sories and thus rendering its operation uneconomical. 

The equipment recommended herein could carried 5-ton 
truck, capable traveling miles per hour, and having gasoline 
storage capacity for run 100 miles. clear body ft. 
would available for the installation the equipment. The cost 
operation during 8-hour day would vary from $10 $20, cover- 
ing wages chauffeur, rent garage, interest first cost, mainte- 
nance charges, depreciation, insurance, tires, gasoline, 
The speaker indebted Mr. Alfred Masury, Service Manager, 
The International Motor Company, for details relative 
operation. 


economical apply bituminous material without some covering, 
the greatest value the treatment lies the added wear given 
the surface the road the mineral aggregate used covering, 
which the bituminous merely seryes protect. and retain 
is, always economical, especially the re-treatment 
surfaces, repair the surface before applying the bitu- 
minous treatment. 

patching, very important see that the edge the patch 
back slightly, that not only forms square edge for the 
new material, but that the material the edge the which 
invariably partly the action the water, removed. 

The writer would like inquire whether Mr. Farrington has any 
his statement that “Where tar used patching, 
more required than with other materials.” 

writer’s indicates that should apply gal. 
re-treatment bituminous surface, the best results would 
obtained applying not more than gal. time—with just 
cient covering enable the wagon motor truck pass over the 
surface—then applying the remainder the material and adding the 
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The writer agrees with Mr. the 
sults that may obtained patching with materials which 
removes one of. the serious: difficulties making 
small Furthermore, such materials. may applied almost 
any season of-the year, and ate much. presence 

use technical phrases, the writer Mr. 

reference the re-treatments; the’ writer’s experi- 
ditions; patching that hecessary during second season, and 
about gal. per sq. for the season, followed al- 
many gal. every other season seems 

applying the bituminous material lightly first. 
little experience very easy estimate the proper quantity, 
and results ‘are: obtained putting this correct: quantity 
the formation the road, where, owing the small quantity 


in'the top the 

treatment. the writer would ‘be glad to: have ‘an 
yards per day treated such organizations; assuming average haul 
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free from dust, that will pass screen, 

the roads treated, price agreed on, and 
the per day for that iti was delayed 
through breakdowns the failure ahd: the 
State agreed the same fdr day that 
counties the eastern shore Maryland, 

Two motor trucks were they: about 
ing work not until May: truck 
pany sweeping: the and applying the: binder. 


the :trucks frequently to: make long 
the experience was. laid more 
systematically and men composing the covering gang 
were held ‘throughout having experienced 


Average No. of gallons applied per day 2860 760 


u 


quite striking, the erage, increase the quantity applied per day. 

writer that, in, the long, Tun, where there 
considerable mileage ‘to. treated, probably the most efficient 
and economical method handling this maintenance One point, 
the best results from the its material, and therefore 
duties very much lightened, there incentive 
to, skimp the details and then 
blame the quality, the material ‘for the poor results which would 
inevitably 


miles.of smooth, easy-riding reads over which they have passed, 

will result in. the general 
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proper condition, should constant surveillance, and: 
they ‘rapidly: extend depth under the ‘action ‘of each 
traveling bituminous surfaces, the ob- 
first mixed with stone, gravel, other This 
mixing can done any time, and sufficient quantities 
for several months, for the weather will not mixed: material 
deteriorate. writer has used material which had been mixed 
tained good results with fresh materials. 

all patching work, the first requisite see that the surface 
repaired well cleaned before new material placed; also, 
repairing holes and ruts, care must taken not too much 
asphaltic material, and well not have the new patch flush with 
the surface, for, under the action the sun, the whether 
light heavy, will come the surface. Then the patch 
come sticky and likely pulled off heavy vehicles. 
prevent this, more stone and fine material must 
ering, and, too much was used originally, hump will develop 
which disagreeable the original. rut hole. This not 
likely occur when the material mixed before placing, 
when the asphalt placed first and then covered. Where the 
patching has been properly done—judging from the writer’s experience 
and observation—it will last long after the original oil and surface 
disappeared. This true either light heavy oils, 
even asphaltic binders. 

re-treating bituminous pavements, the 
material used varies with individual roads. The original treat- 
ment should sufficient quantities bind the road thoroughly 
and hold the stone place, prevent raveling; ‘applica- 
tions are for the purpose providing mat this 
purpose, the lighter oils ‘are generally uséd, though results, 
well worth the extra cost, are obtained with heavy binders. 
used excess they are not heavy enough weight: 
cover the surface, free oil covered, 
the surface watched! closely; weather, 
and the oil appears through more material 
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subject such as, the equipment and methods for maintaining bitumin- 
ous surfaces pavements must, necessity, limited 
the sueh surfaces. have existence, and should 
construction, together with the for, 
and (3) methods required for The 
subject being such importance, and haying such detail, 
the speaker the opinion that summary these headings 
that should properly attempted limited discussion this nature. 
must also remembered that bituminous surfaces and pavements 
various kinds having large mileage, ended their period 
usefulness, and their maintenance now becomes matter first im- 
portance and requires the development machinery and methods for 
their economical up-keep. These can come only from actual experience, 
and the lines along which such development should follow all that 
can attempted present. 

During the past years many types bituminous surfaces and 
pavements have been placed the public streets and highways. Some 
these have attained sufficient merit the estimation war- 
rant continuation, and others have shown faults their 
original that their further was 
minous and will exploited with the growth 
highway work, but felt that these cannot deviate -very much 
from the existing which are defined the Special Committee 
Bituminous Materials for Road consisting: super- 
ficial coats with without the addition 
stone slag chips, gravel, sand, similar This 
definition may include: treatment gravel stone roads 
cold bituminous material; treatment with hot mate- 
hot cold bituminous material. 

The Committee: Bituminous: Materials Road 
struction bituminous “One composed stone. 
gravel, sand, shell, or: combinations thereof, and: bituminous 
materials incorporated together This definition 
may laid either hot bituminous 
bituminous cement fine material aggregate, such 
pavements: 

The maintenance surfaces and pavements 
measured largely the methods atid materials their original 
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preférably ‘are commonly, used for traffic but, for 
grades ‘and horse-drawn traffic, stone are better, 
items, success ‘failure bituminous sur- 
faces the preparation the the bitumin- 
ous ‘material, the, selection the and, importance, 
the machinery used the application bituminous mate- 
rial. The treatment, concrete, surfaces bituminous 

covered particles under traffic, and violation 
ciples grading the mineral aggregate; consistency used, 
for each’ successive the bitumen used 
causes failure sheet-asphalt, asphalt block, and 


4 


surfaces governed by- the area character 
character not readily ground the with- 
out the sweeping may safely 
mum material the stone base. more 
one application; per the road treated 
the fall, order assist much possible the sur- 
opinion, that, done Massachusetts; and, many 
maintenance successfully:, Mr, Farrington 
fully gone into the methods maintaining,this type surfacing, and 
Pillsbury, and Johnston, should in, those com- 
jected heavy automobile traffic. For roads treated the hot blanket 
method and showing the holes due settlement foundation, heaving 
frost action, wearing away, caused by. lack adherence the 
base, the earlier such defects are repaired the longer will the life 
the treatment. After years’ service treatment this nature, 
during which time not more than one- -third the surface should 
ing the entire surface tearing and resurfacing with more 
permanent pavement. For repair minor well organized 
gang can readily keep stretch road perfect condition mod- 
erate outlay for plant materials. Such repair outfit should have 
portable kettlé, for heating the bituminous material, compart- 
ment for keeping dry the grits screenings. hole repaired 
should swept ‘clean and painted with hot bituminous material the 
same consistency that used the original treatment, and filled 
with grits the level the surrounding surface. This 
should then grouted with bituminous material and covered with 
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light layer gravel. Where practicable, patches 
does not, tear them out properly Another method 
repairing such bituminous surfaces successfully mixing the aggre- 
sanded, and thrown: open traffic. The this method 
leads more uniform résults. 

bituminous pavements has been sufficiently elabora- 
block, and rock asphalt pavements. The more bituminous 
pavements constructed under the method many 
cases show the need repairs. study the 
sponsible failure should made with view obviating 
these defects the original construction. however, does 
trary, that for certain kinds traffic this type 
enough. based the features low first cost, 
length service, ease repair, moderate charge for plant 
apply the bituminous materials properly. Penetration 
pavements have now been down for period extending through five 
still perfect failures have occurred they can gen- 
erally defect the original construction. The main 
such are: (1) improper foundation improper sizes 
mineral aggregate; (3) sealing before applying bi- 
tuminous (4) bituminous material wrong 
and (5) uneven The various ways that 
failures work this nature are shown the surface by: 
(a) wavy. showing either unequal distribution bitu- 
minous material lack bond the underlying stone; (b) depres- 
sions the surface, due settlement the foundation; raveling, 
due the bituminous material not adhering the stone; (d) surplus 
bituminous material the surface, due the pene- 
trating the stone, combined with improper patching 
the surface, sufficient stone bring the top course the 
level the surrounding road, The heated bituminous material then 
applied, and stone the next ‘smaller size rammed the 
stices. Generally, ‘only one application required, and care should 
taken that the, the same level the surface the 
road. Where there condition, would probably 
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Where: raveling has taken treatment. 
material, applied under pressure; will often seal the 

tar) are ordinarily with material prepared some central 
point its destination.’ This used repair holes 

driven engine the rear the wagon; but the 
most economical auto-driven sprayer. The speed can 
any quantity! required uniform spray, and under uniform 
For the blanket treatment, there has recently been placed 
pressure. This most advanced method 
ever The outfit consists double-shell, tank, 
boiler, burn fuel oil, is! carried on. the 
forced through the outlet nozzles under the pressure desired, the quan- 
tity being the speed the truck and the the ‘out- 
struction and ‘of the 
penetration apply the seal coat 
the sprayer found ‘the most economical, 
and where communities not care the 

the bituminous material to.be There have been diseussions 
various relating the physical and requirements 
difficulties attending their preparation. the first place, for given 
oil, uniform should ‘result from manu- 
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The manufacturer who uses stills the his 
governed largely: by: three (a) :the: 
and For given crude: supply; may 
the resulting product dependent: the temperature 
specifications limiting the carbon, without taking 
into the material which being run; 
.construction most grades. of. materials. will 
astray adopting provided they have been tried 
used. throughout the country, and care taken. that 
auch contain only those which satis- 
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fulfill with the materials available. 


speaker, begs state ‘that ‘compritné been 

and Sicilian, rock were laid between 19th and 21st Streets, 


and January, 1914, these two blocks were found 


good condition, the imperfection, the work adjoining 
perts, such Malo, Delano, Walsh Amsterdam, Bassett London, 
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blocks, between 9th and 11th Streets. 
the Staten Island Works. the Sicilian Asphalt Paving Company, 
German, machine, and did not the perfect 
compression obtained the Val Travers Asphalte Paving Company 
their, works Marseilles, Seyssel, Egypt, and other places, 
However, the rock being pure crude rock asphalt powder before being 
simply. spread, under traffic, and became virtually 

Mr. Delano, the occasion his visit New, York 
1913, stated that the Paris had recently. signed, for 
replacing wood blocks, sets, macadam with 
rock asphalt pavement, laid the Attention 
ealled the fact that; some years ago, Street; from 
Duane Streets, both private owned fifty 
with Rock Asphalte and; coated with 

ment United States. stated especially because many 
don, Paris, and Berlin, has ever been laid the United The 
speaker sorry that, owing the short time allotted him, will 
not have the opportunity say little about its 
before the was held 1912, that ‘the 
purchased cost per ton less than 1913, making difference 
cents per sq. yd. the cost the surface. 
with the material, all ready for heating 
ing the additional outlay for machinery 
Both the: Borough Manhattan, which now completing its new 
the advisability ‘of doing their own rock asphalt 


the speaker ‘has much interested studying the effect 
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rington, it. has been the many cases tar- 
bound, road, one the heavy asphaltic 
fication notably Connecticut. Some yery good 
work has, been done. 

carrying out under specification this is. very 
important that the oil heavy that it, will 
not penetrate the but will stay top blanket 
layer. enough penetrate the tar-bound road sure 
give bad results. The speaker knows number roads 
type, which were well, built and then treated with oil, while still 
presenting, porous disintegrated completely within year 
when traffic, although neighboring 
sections sealed with tar products. remained good condition. 
however, proper used, this disintegration 
will not occur. 

Under. city town traffic conditions, the tendency oil-asphalt 
top over tar-bound macadam mush and become soft under 
horse-drawn wet weather, due the emulsifying effect 
the and organic material which the. 
When conditions provided. for, important, far 
the tars used for seal, 
preferably somewhat softer used the tar-bound maca- 
dam, but the subsequent and the road modifies some- 
the character of. the seal coat required. 

For maintenance within city and town limits, where the horse- drawn 
traffic considerable, has been found that specially 
which can applied cold, gives much better results than the heavier 
tar materials put 

There are the vicinity Boston, which carry 
more than 4000 vehicles per day; which have been kept’ good shape 
yd., with applied ‘cold. 

the light dust-laying oils and tar-bound 
macadam. problem which ‘affects city and town ‘conditions. 
country practice, the conditions not arise where oil this type 
necessary. city and town streets, troublesome dust 
keep down this superficial dust, essential comply with certain 


Mr. 
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Washington. 


utmost folly put light oil tar-bound macadam; 
move the tar macadam, the light ‘accelerates 

there. very small fraction gallon sufficient. thati 

vice, ‘even ‘face light oil applications. 


members this Society were engaged the Highway. Department 
State New York deyise methods Maintaining highways 
had; set excellent the, organization. for 
usually carried on; 


repair plant consists motor with and 
the highways, and supplied 
storage capacity stone, sand, and machines 
include pressure spraying device, sand and -stone chip distributor, 
sion, arms for split-log snow-plow, 
a.power loader derrick, and all truck 
large removable water tank earried the truck. 


maintenance enable the and contractor 

‘of most discussions motor truck operation. 
The motor truck ‘with his figures aggres- 
much ‘the part the owner, really gives ‘the sales- 
man’s figures past which base intended 

types and sizes, designed ‘for purposes, and must 
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out the The depth from the wall the post should 
project the posts and quick turning! into 
trucks between Where large number are’ stored propor: 
out with the economical space. 

trucks, especially the van type, are now very order 
take those the largest type; such vans and those used for crackers 
and paper boxes, the doors should have ft. 
should double, The clearance between 
the butts the doors should This. allows 
sufficient space for the fastenings the doors, without. interfering 
with the trucks they move and out. should lights 
the butts the doors each side, high 

least long and ft. wide, order take the modern motor 
truck, and should have carrying least tons, order 
accommodate when heavier elevator, to, take 
loaded trucks, impractical, commercial standpoint; 
loaded trucks are not usually garaged such buildings, 
accommodated the ground The elevator should. four 
guiding rails, and speed about ft. per min. 

must adequate facilities for filling the tanks 
with oil, and for the storage the large quantities 
used operation such. trucks. 

comply with fire prevention regulations, gasoline 
stored underground, and must piped least two on, each 
garage There are two practical ways raising 
hydraulic power and these systems can 
attached outlets, and provision should locking 
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cold weather), and other material and accessories may 
the floor with the 

efficient system for keeping account the 
exact ‘quantities consumed each machine. 

dirty truek (and trucks collect dirt with astonishing rapidity) 
harder keep good order than clean one, dirt not 
only gets between moving parts and into bearings wear, 
but prevents the discovery minor troubles until they have become 
ones, and makes difficult and distasteful job they 
this purpose regular force should employed, its size depending 
the number washed. Four washers and two polishers can 
take fifty cars. 

are not ‘depended make repairs; their 
hours they little time for the 
run. For this reason, six trucks are being operated, 
well have night répair man duty, with one ‘or two helpers. 
the trucks come in, each driver should report any trouble with his 
machine. The repair man can also examine the trucks discover 
loose bolts, and can grease them 

Truck may divided into three classes, according 
the arrangement the motor and the driver’s seat: 


Type 1—This touring car type; the motor over the 
front axle, the driver and control are behind the motor. 

Type 2.—In this type the motor over the axle; the driver and 
control are directly above the motor. 

ype motor over the front driver and control 
are one side the motor, and the helper the other 
side. 


taken for the driver and thus loading plat- 
form proportion the than Type 

The most important average dimensions for. each size truck are 
Table 


Factors Cost Operation Motor Trucks.—Table shows the 


cost operation trucks standard capacities running different 
mileages per day, and factors each item 


cent. 


Mr. 
Masury. 
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base. 


in inches: 


16 ; 
1/20 ft.6 in, 


in, 
.|14 ft, Oin, to 
ft. 
ft. 6 in, 
ft. 
14 ft. 2% in. .|18 tt. 


BS “Extreme width, 


TABLE 


Wheel, 
base, 


circle, 
in feet. 


Diameter 
of-turning 
Diameter 


of turning 


"712 ft. 6 in! 


Type 


th 
average the requirements and guaranties the different 


B 
&ton., 13 tt. in 11 ft, 0 in, to 11 ft, 42, 10,, 
6in.|87 42 10” 
thy 
87 ‘44 10° 
93 46 7 
87 44 
57 
71 
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ufacturers, and also the average cost tires the consumer. mr. 


the axle load, gives the average weight the front and rear axle 

trucks each size. Column the size tire, shows the sizes 
usually recommended tire manufaeturers respective loads 
carried each axle. Column means the load the axle, 
pounds, divided the width the width being taken 
the place where the tire meets the ground); ‘is the’ circumference 
the wheel. The figures this column are pounds. 


TABLE EQUIPMENT FOR TRUCKS. 


(1) (2) (3) (7) 


Speed, 

hour. 

Front 2 600 86-4 single 18 $ 54.15 

BOOR.ccceocass Rear 6 200 36-5 single 28.8 16.5 7 000 70.45 

ront single 19. -15 

ront, if single 15 

3-ton, Front 4300 36-5 single 

Front 5950 36-5 single 33.0 

Rear 9600 42-4 dual 28.5 126.17 

Front 4950 36-6 single 22.9 87.97 

5 Rear 12 950 42-5 dual 80.8 172.40 

Front 5300 single 29.4 70.45 

Rear 15200 42-5 dual 178.40 

Rear 15425 36-5 dual 42.8 138.90 

Rear 15425 42-5 dual 172.40 

Mt Front 6,175 86-6 single 28.6 87.47 

Rear 20 $25 42-6 dual 42.2 aad 205.85 


This factor takes into account the size the wheel, and there- 
fore reconciles the fact that larger wheel smaller 
size, and better factor use comparing tire sizes than the 
weight, pounds per square inch, tire road. 

Column shows the normal speed trucks each capacity. Col- 
umn shows the guaranteed mileage the 
Column shows the average price which tires can bought the 
consumer. 


sury. 


4 
' 
: 
q 
{ 


Average 
based list prices the 
Miles 
Driver’s salary, per year. 
Cost garaging, per 
month. 
Miles per day. 
Maintenance (small repairs, 
per year. 
Oil and per year. 


Tires, per year. 


run. 


Cost, per life. 
Cost, per day. 


Cost 


++ 
hi 


od 


letter in 
P 
S=PXR. 
evore a aaw 


salary, 


en os weg i 
ok was waS wore 20 | Life of truck, 
Ss ss ses ees ees ess ess ess Tire cost per 1 
RRS 
2 


per year. 
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notes that considerable attention has been given those taking part 
the discussion “Methods and Equipment for Maintaining Bitu- 
minous Surfaces and Bituminous Pavements” the use motor 
equipment. 

has, been done, yet, with trucks State highway 
maintenance work Massachusetts. Trucks have been used some 
cases, but, except. for transporting broken stone, gravel, bituminous 
materials, over long hauls, apparently have not demonstrated 
their economy under existing conditions. The writer has doubt, 
however, that, this work increases and come under 
maintenance, motor trucks with the necessary equipment for patching, 
will prove economical and will come into general use. 

the material truck described Mr. Washington, though the 
writer has doubt that this will useful, there would seem 
some objection its general adoption present, probable 
that many the culverts and bridges, even main lines, are not 
strong enough truck this weight, and there also some 
question the effect the road surfaces. 

Recognizing the injurious very on. roads, 
where the surfaces and foundations, well culverts and bridges, 
are not especially designed for such traffic, the Massachusetts Legis- 
lature passed law prohibiting the use the highways 
trucks weighing more than tons, without permit from the State, 
city, town officials repairs the highways, and 
not seem good policy for the State its work 
trucks greater weight than the public generally allowed use. 
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MEASUREMENT THE 
FLOW STREAMS 
APPROVED FORMS WEIRS 
WITH NEW FORMULAS AND DIAGRAMS.* 


that the near future practically every farmer 
the West will required place weir the head his for 
the purpose measuring the irrigating water uses. 

Wherever water used for any its measurement, 
more less accurate way, important; but the middle 
parts the United States, and wherever else practically all agricul- 
tural depend water for purposes irrigation, this problem 
the utmost importance. Water has already become valuable 
that laws have been enacted requiring that weirs 

only the matters herein discussed are considered, the title given 
this ‘paper broader one ‘deserves but the method 
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handling the weir data such that, the writer’s opinion, may 

the the measurement water should the most 
accurate manner practicable. From the point view the engineer 
and the investigator, the discharge over 
weir should the found; other words, should 
give the most accurate with the smallest amount work. 

the purpose this paper present more accurate method 
measuring water than those and give formulas 
and diagrams for determining the discharge over the weirs recom- 
mended. These, writer! simpler and easier applica- 
tion than any weir 

Soon after the publication the handy and ;thoroughly practical 
the. writer idea of, similar 
set. diagrams for determining the quantity water, flowing 
sented part this paper. 


ry 


The use the various diagrams will explained first afterward, 
the data which they will set forth, the meth- 
getting the results. 


Practice Using Weirs Without End Contractions. 
water the weir without end has 
greater velocity for the same quantity flow than above 
end contractions, therefore will deposited above, the 
former than above the This fact important, the accuracy 
the measurements obtained depends largely having the cross- 
section the stream above the weir constant, especially, if, the height 
the crest the weir above the bottom approach 

comparatively 
weir without end contractions will necessarily have 
placed near the down-stream end channel made 
some material which will retain rectangular form, Although this 
requires comparatively construction, the 


* Published by John Wiley’ and Sons, New York. 
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bulkhead removed, thus making easy flush and 
the channel. fact, very high degree not 
bulkhead crest need place only when 
quantity, of. water flowing weir almost 
exactly proportional its length, water may divided accurately 
the same time that placing one more verti- 
dividing blades below, the weir and the stream into the 
desired number parts having the required proportions. Where end 
contractions are used, affect the quantity per unit 
accurate the water falls very difficult, not actually 
impossible. 
and accurate information given, 
basis for reached, has been obtained our 
greatest hydraulicians. have wait long before obtain- 
ing series any form will equal these 


simplicity the correct construction this weir 


sharp edges, necessary; for example, Cippoletti 
Almost any farmer; with simple construct 
weir which will answer ‘well for measuring water 

discharge over the weir, using given, perhaps 
least the advantages the weir without ‘end has 
over Thé method the discharge simple 
the discharge from the the only mathematical 
minimum. 

the opinion that the weir without end 
contractions can certainly used best advantage all irrigation 
and small, the West, where mountain must 
divided, and re-divided times the water 
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gauge for measuring the thickness sheet iron and 


1,—Sharp- Orested Without End 


a.—For Heads Within the, the Experiments 
Plate Plate which show dis- 
charges over sharp-erested weirs are based 
experiments Bazin, Fteley and Stearns, Francis, the 
Laboratories Cornell, University and the 
this, diagram constructed from the results 
greater confidence than can those obtained any, 
more less ‘complicated formulas which the 
from others herein. presented, these easily give results 
warranted the experimental data which they See 
Plate 
the weir, feet, discharge over the weir, feet 
per second per foot length and the. 
weir,above the bottom the channel approach, 
sharp-crested weir, ft. long, without end contractions, the 
the crest above the bottom the channel approach 
the the crest (the height of:the surface water 
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' 
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THE HYDRAULIC LABORATORY OF CORNELL UNIVERSITY. 


Fic. 1.—DuRING THE HIGH-WATER SEASON, 2.—DURING THE LOW-WATER SEASON, 
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SHARP-CRESTED WEIRS VARIOUS HEIGHTS 
WITHOUT END CONTRACTIONS, 
Note:- These derived from the results 


experiments made Bazin, Fteley and Stearns, Francis, 
and the Hydraulic Laboratories Cornell University 


and the University Utah. They respresent Mean curves 
for practical They are derived from the data used 
a 


plotting the curves shown Plate 


GENERAL DIAGRAM 
HEADS AND CORRESPONDING DISCHARGES OVER 
Hea 


4 
i 


Over 


~ 
~ 


Discharge per Second 
Per foot length Weir 


<q 
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slightly half way from the line 
per The diseharge per foot length 4.74 
eu. per Sec. per ft. length weir, per over 

and. the crest above the bottom the channel approach 
1.5 ft.? 

senting weir height ft. between, the lines representing the heads, 
point which shows that the head the weir 
1,06 

long and in. wide, all the discharges were taken for each and 
every run made the original experimenters, and 
percentage, was computed, between the quantities thus obtained and 
originally measured. Each reading from the diagram was the 
average two independent readings. 

These results are shown Plate XXII. Every run every ex- 
periment plotted. The abscissas represent the heads, feet; the 
ordinates represent the quantity differences percentages. glance 
the diagram shows that nearly all these results are below the 


line and above the means that the diagram gives 


results all cases varying less than from the original 
accurate data. How near the results given diagram fit the data 


obtained any particular investigator any series runs can 


seen following the special line which that particular set 

the upper portion Plate can seen that, even with 
care, error one-half the discharge may ‘due 


measuring the head, yet the discharge diagram 


now being considered gives the accurate results just named, and there- 
the was made near the beginning this paper that 
these results “can relied with confidence than can those 
obtained using any one the more less complicated weir formu- 
las which the experimenters themselves have devised.” 
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curves are drawn only those heads actually the 
but the extended for the highest 
often desirable, however, know the quantity flowing over when 
heads are much greater shown Plate 
given formulas Bazin, Fteley and Stearns, 
Francis. 

feet, imference probably applicable for’ much 
heads well.” the paper referred to, Mr. Horton His reasons 
for this assertion; and there this time more accurate 
acceptable method computing discharges over weirs for very high 
and from the results given these formulas can obtained. 

two reasons the velocity approach, the height the weir, 
has been taken into account only the computations 
Bazin formula. First, because there such uncertainty concerning 
the results these formulas give with very high heads, that making 
computations having apparently high degree accuracy 
justified. Secondly, because the Bazin formula provides direct 
method computing the discharge over weirs various heights, and 
the Francis and Fteley formulas both require going from 
one approximation another several times order determine 
results that fit them accurately. The results obtained 
named formula were used largely constructing Plate The 
results given the Francis formula and those obtained using 
the Fteley and Stearns formula, without taking into account 
approach, are given this plate also. These curves apply cases 
where the approach slight that may neglected. 

For: these very high heads believed, that. will 
give results can determined any method 
based the experimental data available. 


Water-Supply Paper No. 150, page 40; issued 
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Fie. 3.—LOWER END OF CANAL, SHOWING LOWER WEIR 


Fig. 4.—Uprer END oF CANAL, SHOWING UPPER WEIR 
UNDER A HIGH HEAD OF WATER. 


UNDER HEAD OF WaTER. 
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LEGEND 

Fteley and Stearns, Ht. Ft. 

4.60 

Ft. 

Bazin, Ht. 8.72 Ft. 

Cornell : Ht. 3.65 Ft. 


Bazin, 3.31 Ft. 


Fteley and Stearns, 2.60 Ft. 


Bazin, 2.47 


Bazin, Ht, 2.47 


Cornell 2.23 


0000000000 00d000 0000000000006 


Bazin, 
OO 
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Percentage Difference Quantities 


Bazin, 


00 00 090 00-0 9 0 0 00-0 


Bazin Ft. 


000—— 0" 000 000 000 — —00 0-0 00-90 = %q 


Bazin, Ht, 1.14 Ft. 


and Stearns, 1.00 Ft, 


Bazin, Hit. 0.79 Ft. 


and Stearns, 0.50 Ft. 
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DIFFERENCE 
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PERCENTAGE BETWEEN THE ACTUAL DISCHARGES MEASURED EXPERIMENTERS AND THOSE OBTAINED 
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heads each these weirs, the writer will gladly, addi- 
tional information diagram. 


Crested Weirs One Namely 11.25 Ft., the 
Height the Model the Were 
broad-crested weirs contractions, all having thé ‘same 
the hydraulic laboratory University. Although the stand- 
ard weir with which the water was measured, after had flowed over 
model, was actually catching and measuring the water 
volumetrically, the computations the discharges measured 

noted that, for all these broad- 
particular head point, however, of. crest, the quan- 
discharge breaks away from and across the 


— 


Flow Water Over Transactions, Am. E., Vol. 
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‘slanting: direction ‘to the line, BB; the 
out touching all higher heads the sharp-crest condition obtains, 

channel” line and the “sharp-crest” line perhaps produced the 
tendency the flowing, yacuum top the broad 
crest. This will called the intermediate condition. Three exam- 
ples finding the discharge weir width 1.5 ft. will given: 
one for the “open-channel” ‘condition, another for the ‘sharp-crest” 
condition, and third for the intermediate condition. 

per sec: per ft. length. The discharge over weir long four 
times this quantity, 3.60 cu. ft. per 

weir 1.5 ft. wide and long, where the head the weir 3.60 ft.? 

per per length. The discharge over the weir 

The line representing head 1.40 ft. intersects that representing 
per sec. per ft. length. The discharge over the weir ft: 
four this quantity, 19.72 cu. per see: 

The dimensions and other the which these 
experiments were conducted are shown Plate and 16, 

(b).—Broad-Crested Weirs Any was the sugges- 
prepared Table showing the coefficients applied the 
quantities discharge given XXIV (and 
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Discharge per Second 
Per foot length Weir 
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WEIR MEASUREMENT OF 
STREAM FLOW. 
HEADS AND CORRESPONDING DISCHARGES OVER 
SHARP-CRESTED WEIRS VARIOUS HEIGHTS 
WITHOUT END CONTRACTIONS. 
the Formulas Bazin, and 
Stearns, and 
Bazin Hetyht 4.0 >. 
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having the same height the models the experi- 

Weirs SHOWN THE TABLE AND FOR THE 
THERE COEFFICIENTS FOR OTHER AND FOR 


of 


= 


Sor 


0.2 
0.4 
0.7 
“0.8 
0.9 
41.0 
1.2 
1.4 
1.6 
2.0 
4.5 
5.5 
6.0 
6.5 
7.5 


a 


S 


oo 
a= 


sharp dischatges over weirs having 
the heights given Table heads there indicated, found 
were then found between the quantities thus obtained discharge 
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the degree accuracy they necessarily uncertain, 
that the results found their use will the best until 


Cornell University. There not sufficient similarity the models 
used make general from the results obtained, which will 
apply weirs with any cross- even those with 
weirs Plate the broad-crested weirs Plate XXIV. 

believed, however, that from these two diagrams 
weir dam irregular readings, taken these 
amples explanations need given this point. 

sections these models, showing dimensions and method 
given these two plates, and Figs: 19, 
number, that the line for any particular form may easily followed. 

Plate XXVI That Have Height the same reason 
broad-crested weirs, having height 11.25 order 
the discharge over weirs different these same’ 
efficients may applied the discharges obtained from Plate 
over models different models having 
height experiments were actually made ate 


LABORATORY. 


Fie. 6.—Mopzt oF PLATTSBURG DAM, IN UPPER BND OF CANAL, 
CORNELL HYDRAULIC LABORATORY. 
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Discharge per Second 
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VARIOUS 


Note; These curves are based 
on experiments made in the Hyd- 
raulic Laboratory Cornell Uni- 
versity. They represent the means 
of the collection of curves shown 
Plate XXXI, and are identical 
the dotted-line curves there shown# 


This diagram applies directly 
weirs ft. high. 
heights apply coefficients given 


crested weirs, 
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Formula. 


Francis formula for weirs without end used 
3.33 
which 
discharge, cubic feet per second per foot length weir; 
and effective head water the weir, feet; its value 
obtained using the 
which 
the measured head, the vertical feet, between 
the horizontal plane containing the crest the weir and 
the plane surface the water the channel approach; 


72 


approach, and the acceleration gravity. 


Mr. rancis has pointed out that making this correction for the 
velocity approach “will requisite only when great precision 
required.” For, says, one his experiments, the water the 
channel approach had mean velocity about ft. per sec., and 
this had the effect increasing the discharge about 2%, and, an- 
other experiment, the velocity was about 0.5 ft. per sec., and this had 
the effect increasing the discharge about per cent. “These exam- 
ples,” writes Mr. Francis, “will enable the operator judge, each 
the necessity going through the troublesome 
for correcting the the 

(2).—Formula Fteley and Stearns. 


For weirs without end contractions, Messrs. Fteley and Stearns, 
from their experiments, deduced the following 


which 


Loc. cit., 117. 

tLoc. cit., p. 135. 

Transactions, Am. Soc. E., Vol. XII, pp. and 82. 
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the crest the weir and the 


plane surface the water the channel approach; 
and being the mean velocity the water ‘the channel 
approach, the acceleration gravity. 
Bazin Formula. 


Bazin’s the only weir formula that has been this 
time, which, for accurate results, does not necessitate taking into 
account the velocity the water the channel approach. His 

which 
feet per second per foot length weir; 
the measured head, the vertical distance, 
the horizontal plane containing the crest the weir and 
the plane surface the water the channel approach; 
vertical distance between the bottom the channel 
approach and the plane containing the 


the acceleration gravity, feet per second 


Proposed the Writer. 

all the weirs the forms herein variation 
use only one computing the discharge over weirs 
especially when the quantity water measured 
varies through wide limits. 

Again, the methods explained this paper, can 
prepared that give the same results the formulas the form, 
the diagrams herein presented, the discharges over 
nearly all well-known experimental weirs can found. Based the 
results these experiments, other diagrams are presented which 
indicate with accuracy the over weirs almost all forms 
and 


| 


Fic. 7.—GENERAL VIEW HYDRAULIC LABORATORY UNIVERSITY UTAH AND 
THIRTEENTH EAST STREET RESERVOIR. 


Fic. 8.—MEASURING BASIN, HYDRAULIC LABORATORY UNIVERSITY UTAH, AND 
THIRTEENTH EaST STREET RESERVOIR. 
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WITHOUT END CONTRACTIONS 
Note; These curves are based 
experiments made the Hyd- 
raulic Laboratory Cornell Uni- 
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Model 
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the logarithms heads less ft. expressed nega- 
tive quantities, the Thacher rule may used for computing the values 
log. the thus obtained, the constant quantity, 
log. added, the quantities obtained are the logarithms the dis- 
charges desired. 

this method, computations discharge any 
formula the form, h", are made easily and quickly 

For finding the discharge over weir, the diagram has two advan- 
tages over the formula: First, gives results without computation; 
secondly, results obtained the diagram not appear contain 
accuracy which not warranted. 


The Francis formula has been used more than for the 
feel satisfied; justly otherwise, with the results given this 
formula; making for the approach. 
doing they have what himself has very properly 
troublesome caleulation for correcting the depth the 

right-hand portion Fig. Plate the points 
located with respect the line having the equation, 
accurately this equation fits the Francis experiments when they have 
for velocity approach: broken lines are 
marked Formula” shows where these points 
equation fitted them perfectly. Those points which 
the' velocity has ‘applied are the right this 
mula computed discharge too (see Plate 
these experiments “the troublesome calculation for velocity ap- 
proach” applied, the for 1.0 ft., 


0.2%; the diagram shows, and the equa- 
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these experiments almost 

comparison the values given Table and Table 
the “Lowell Experiments,” shows that the ‘computed 
corrected heads these Francis experiments not lack 
agreement due the fact that Francis based ‘his corrections 
the velocity approach stream from the crest; the 
are based velocity approach computed from the -section 
the channel just stream from the the 
agree the bottom the channel approach were level, 
constant. 

what effect this small ‘difference cross- makes, and 
then imagine the necessarily into the’ 
measuring water with weir above which sediment and gravel 

ments, the methods herein presented, and also 

fits the better than that the right.. represents 
the formula, and the former line, the 
yet this small difference shown, accurately 
The broken line side. of. figure, shows 
the results obtained using the for height. 
results not corrected for velocity about 

than the Francis results when these 
other experiments that draws this line the 

exhaustive study the over: weir! for 
known heads required discover that one equation the form, 


Fic. 9.—LABORATORY BUILDINGS, CANALS, DIVERTING DEVICE, AND WASTE-WAY 
HypRavLic LABORATORY OF UNIVERSITY oF UTAH. 
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crested weirs. 


RIGHT-LINE AND CURVED SECTIONS 
WITHOUT END CONTRACTIONS 
Note: These curves are 

heights apply coefficients given 
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constant values for will not give the dis- 
degree that the experimental data warrant can 
obtained with equation this form. 

elsewhere this paper, wherever used, designates 
the quantity water discharged over weir, cubic feet per second 
per foot weir; used designate the observed head 
water weir, feet, unless otherwise plainly (This 
not measured still water.) 

With given values and the corresponding values efforts 
have been made determine equations the form named that sat- 
isfy these values. 

First, plotting paper was tried; but even when using 
paper with 20-in. base, the curvature determined the 
plotted points was slight that best fitting lines that could 
obtained were more likely; when their equations were the 
given data, ill- than well-fitting. 

the logarithms Q’s and the h’s, scale large 
used with any degree convénience, were plotted; but 
the results were little any more satisfactory than those obtained 

Thirdly, the method finding the centers gravity the upper 
and lower halves the curves that result from plotting the logarithms 
and passing analytically through the points thus was 
used. This method gives results somewhat more satisfactory 
others, when applied the determination line equation 
for the whole set experiments; but one equation does not give sat- 
isfactory results, this method gives little indication the num- 
ber equations necessary, the point which divisions should 
made, before attempting find the two more equations required. 
This method investigation had been ‘applied faithfully nearly all 
the: herein presented, and gave results which were con- 
sidered before the final method discovered. 

‘Fourthly, the final method treating these lines 
having equations which give results with degree high 
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first applied. differences between the logarithms the qnan- 
tities measured the quantities computed 
are plotted, that the angles and the various lines are 
exaggerated; with little. difficulty, therefore, number 
equations needed experiments. and the lines 
resenting these equations are easily and drawn. 

Taking the logarithms both sides the. general equation, 

that: direction. 

by, in, the foregoing equation log, and the point, 
the tangent the angle the line with the log. axis, the 

of-reasonable size axes are The: 
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it, right and left, the computed differences the logarithms 
the quantities are plotted. 

Plate Fig. the vertical line having 
0.5000), marked The points plotted with reference this line 
shown the curve marked The quantities plotted are those 
Column Table and the logarithms the heads Column 
The quantities Column are the differences the logarithms 
Q,, (measured) and (computed the trial formula). 

The horizontal scale this drawing (as originally plotted) 0.01 
(logarithm) the inch; these differences, therefore, can and are 
plotted the fourth decimal place. drawing similar that 
shown Fig. Plate XXVIIb, were made this same scale, 
the line, ab, between the lines, log. 1.0 and log. 0.71, that 
is, between the lines representing heads 0.1 ft. and 5.1 ft. (values 
well within the limits Plates and would 
ft. long. show, such scale, all the matter Plates 
and XXVIIb would require drawing ft. long the curves were 
placed the same horizontal distance from each other, though the 
length Plate originally drawn, only ft. the 
two parts this plate the lines and curves are located that they 
may used and studied conveniently; but, one curve occupied 
horizontal distance ft., would impossible get results 
value from its points, as, most cases, they would many feet 
apart. Such lines, being practically horizontal, would give very poor 
points intersection with the horizontal lines which represent the 
heads; whereas those used Plates and give good 
points intersection. 

After plotting these points, right lines were drawn fit them, 
and the equations the lines thus drawn have been determined from 
their points intersection with the lines, log. and log. —1. 
explained previously, the reference line intersects log. 
1.0, the point, 1.0000, and the line, log. 0.0, the 
point, 0.5000. 

Fig. will observed that the portion 
the curve above log. 0.3010, when produced downward, 
shown the dotted line, intersects the line, log. 0.0000, the 


* For convenience, Plate XXVII has been divided into two parts, a and b. 


4 
q 
=| 
4 
3 
q 
q 


1218 


WEIR MEASUREMENT STREAM FLOW 


LABORATORY Intake 


STATE SCHOOL OF MINES 


UNIVERSITY UTAH 
SALT LAKE CITY, UTAH 


Building By-pass 
By-pase 


Measuring Basin 
Capacity 172,000 gal. 


Thirteenth East Reservoir 
Capacity 5,500,000 gal. 
or 740,000 cu. ft. 


LONGITUDINAL SECTION 
SHOWING WEST ELEVATION LABORATORY BUILDING 


SHOWING SOUTH ELEVATION OF LABORATORY BUILDING 


13. 
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PLATE 
TRANS. AM. SOC, CIV. ENGRS. 
VOL, LXXVIl, No. 1304. 
LYMAN 
WEIR ‘MEASUREMENT OF 
STREAM FLOW. 


Note; The abscissas represent the differences 
between the logarithms of the quantities measur- 
ed and the logarithms of the quantities computed 
by tite trial formula, log. Qg=*0,5000-+-1 5000 log. h, 
the quantities being measured in cubic feet per 
second per foot length of weir, and the heads being 
measured in feet. 

‘Phe scale applied horizontally between any 
two points in the same figure gives the percentage 
of difference between the discharges represented 
— points, the smaller discharge being the 

All curves and their respective reference 
fines are given the numbers used to designate 
the respective tables which contain the original 
data, Curves are also marked with names of the 
experimenters and the heights of the weirs. 

The full lines here shown have been 
drawn to fit the actual individual experiments. 
The dotted lines are means of the full lines, and 
they correspond with the lines of Plate XXT. 

"They show here with what accuracy the final 
diagram fitathe original data. 


DIAGRAM 
GIVING THE FORMULAS ADOPTED FOR 
SHARP-CRESTED WEIRS VARIOUS HEIGHTS 


WITHOUT END CONTRACTIONS 
AND SHOWING THE DEGREE ACCURACY 
WITH WHICH THESE FIT THE ACTUAL EXPERIMENTS 


Freley & Stearns 
28 ft 


Log. Axis 
+033 
& Stearns 
4 
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SHARP-CRESTED WEIRS 
RELATION BETWEEN THE HEIGHTS 
WEIRS AND THE INTERCEPTS BETWEEN 
THE LOCUS THE TRIAL FORMULA 
+0.5000 
AND THOSE THE FORMULAS 
ADOPTED FITTING THE ACTUAL 
EXPERIMENTS ACCURATELY 


The intercepts were taken from Plate XXVIL, 
and were measured on four lines Vis.,Log.H= 0.7000, 
Log. H= -0.3979, Log, H=-0.1550 and Log. H =-0.1000. 

From the mean values of these intercepts,represetited 


by the curves here shown,the lines on Plate XXI 
were drawn. 


Feet 


Height Crest 


= 
= 
i=) 


0.030 oo 0.060 0.040 oh 0.070 0.080 0.090 0.070 0.080 0.090 0,100 0.110 0 
For Log,.H = — 0.7000 For Log. H=—0,3979 For Log. H=— 0.1550 For Log.H= 0, 


Differences in Logarithms of Quantities 
Fig. 14. 
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RELATION BETWEEN 
AND THE HEADS WHICH THE 
CHANGES FROM THE BROAD-CREST 
CONDITION BEGIN, WHICH 
THEY ARE COMPLETED AND THE 
SHARP-CREST CONDITION PREVAILS 


This information is taken from Plate XXXT. . 
and the diagram is used for making Plate XXTV 


Condition 


= 
& 
Z 
= 
(=) 
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Logarithms Heads. 
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point, log. 0.5000 0.0117 0.5117. The figures marked 
the plate will make this point clear. 

This same line original drawing) intersects the line, log. 
2.12 in. the left the point which the reference 
line intersects it, giving, therefore, for the point intersection, the 

Referring Fig. Plate XXVIIb (right the value 
ab 
ticular case, just shown, 0.5117 and 1.0212; therefore, 
ad, being the these two values, 1.5329. this case 
1.5329, and the equation sought 

similar manner, equations have been found for all the curves 
Fig. 14, and the resulting values and log. together with the 
limiting values between which these values apply, are given 


general, the sum and Od. this par- 


therefore 


List 


The following list all the Tables accompanying this paper. 
Some these tables are reproduced, but, the others are too volu- 
minous published here, they have been filed the Library the 
Society, where they may examined those specially interested. 
Table printed page 1201; Table page 1225; 
Tables.6, 11, and 23, pages 1226 1229; and Tables 
and pages 1230 1240. 


DESCRIPTION OF TABLES. 


Coefficients which the Quantities Discharge over Broad-crested 
Weirs. and Ifregular-crested Weirs of Height 11.25 ft. (the Quan- 
tities given on Plates XXIV and XXVI) are to be Multiplied 
in Order to Give the Discharge over Weirs of the Heights Shown in 
the Table and for the Heads there given. Coefficients for Other 
and for Weirs Other Heights may Found Interpola- 

on. 


Sharp-Crested Weirs Without End Contractions. 


Computations Dr. Schoder for the Cornell Standard Weir Height 
11.25 Feet and Length 15.995 Feet, Based on the Bazin Formula. 

2. Computations by Professor Williams for the Cornell Standard Weir of 
11.25 Feet and Length 16.005 Feet, Based the Bazin 

Length 16.005 Feet. 


WEIR STREAM FLOW 


TABLES,—(Continued,) 


Experiments the Cornell Standard Weir Height 6.6 

Computations Professor Williams for the Cornell Standard Weir 
6.65 and Length 16.005 Feet, Based the Bazin 

the Utah Weir No. Height 6.65 Feet and Length 

Experiments on the Fteley and Stearns Weir of Height 6.55 Feet 
Length 19.00 Feet. 

—— on the Francis Weir of Height 4.60 Feet and Length 9.992 


Experiments the Francis Weir Height 4.60 Feet and Length 9.992 
Feet, Corrected for Velocity of Approach. 

Experiments the Bazin Weir Height Feet and 
Length 6.56 Feet. 

the Bazin Weir (Series II) Height 3.72 Feet and 

Length ‘3.28 Feet. 

the Utah Weir No. Height 3.72 Feet and Length 

Experiments the Cornell Weir Model XXI Height 3.65 Feet and 
Length 16.00 Feet, 

Experiments on the Fteley and Stearns Weir of Height 8.56 Feet and 
Length 5.00 Feet. 
Experiments the Bazin Weir (Series III) Height 3.31 Feet and 
Length 1.64 Feet. ‘ 
Experiments the Fteley and Stearns Weir Height 3.17 Feet and 
Length 5.00 Feet. 

Experiments on the Fteley and Stearns Weir of Height 2.60 Feet and 
Length 5.00 Feet. 

Experiments the Bazin Weir (Series IV) Height 2.47 Feet and 
Length 6.54 Feet. , 

Experiments the Bazin Weir (Series Height 2.47 Feet and 
Length 6.56 Feet. 

Experiments the Cornell Weir Model Height 2.28 Feet and 
Length 16.00 Feet. 

Experiments on the Fteley and Stearns Weir of Height 1.70 Feet and 
Length 5.00 Feet. 

Experiments the Bazin Weir (Series VI) Height 1.64 Feet and 
Length 6.53 Feet. 

Experiments on *. rrr Weir (Series VII) of Height 1.64 Feet and 
Length 6.56 F 

Experiments Weir No. Height 1.64 Feet and Length 
6.53 Feet. 

Experiments Weir (Series VIII) Height 1.16 Feet and 
Length 6.53 F 

Experiments on the. asin Weir (Series IX) of Height 1.14 Feet and 
Length 6.55 Feet. 

Experiments the Fteley and Stearns Weir Height 1.00 Foot and 
Length 5.00 Feet. 

Experiments on the Bazin Weir (Series X) of Height 0.79 Foot and 
Length 6.56 Feet. 

the Fteley and Stearns Weir Height 0.50 Foot and 
Length 5.00 Feet. 

Computations for Infinitely Based the Bazin Formula. 

—— for a Weir of Height 20.00 Feet, Based on the Bazin 

for Weir Height 10.00 Feet, Based the Bazin 

ormula. 
Ss for Weir of Height 6.00 Feet, Based on the Bazin 
Formula. 
Competations for Weir of Height 4.00 Feet, Based on the Bazin 

for Weir Height 3.00 Feet; Based the Bazin 
ormula. 

Conomanens for a Weir of Height 2.00 Feet, Based on the Bazin 
ormula. 

for Weir Height 1.50 Feet, Based the Bazin 

Computations for Weir Height 1.00 Foot; the Bazin 
Formula. 


Broad-Crested Weirs Without 


(Experiments in the Hydraulic Laboratory of. Cornéll University. 
Over the Upper Standard Weir, Height Length 
Cornell Model XL. Width In., 0.48 Ft. 
Cornell Model XLVII. Width 11% In., 0.93 Ft. 


1222 
Table 
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8A. 
10. 
11. 
12. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
34. 
35. 
36. 
87. 
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Table DESCRIPTION 


40. Cornell Model XLI. Width 19% In., 1.65 Ft. 
41. Cornell Model XLVI. Width 3. 47 Ft. 

42. Cornell Model XLV. Width 5.85 Ft. 

43. Cornell Model XLIV. Width 8.96 Ft. 

44, Cornell Model XLII. Width 12.25 Ft. 

45. Cornell Model XLITI. Width 16.29 Ft. 

46. Cornell Model XLIIIa. Width 16.29 Ft. (Model XLIII planed.) 


Irregular-Shaped Weirs and Dams. 


(Experiments the Hydraulic Laboratory Cornell University.) 
47. Cornell Model XI. 
48. Cornell Model XXII, Cambria Weir. 
49, Cornell Model XXVI. Cambria Weir. 
50. Cornell Model XXIII. Cambria Weir. 
Model XXIV. Cambria Weir. 
52. Cornell Model XXV. Cambria Weir. 
53. Cornell Model XXVII. Lawrence Dam. 
54. Cornell Model XX. 
55. Cornell Model XXVII. Lawrence Dam. 
56. Mr. Francis’ Model. Lawrence Dam. 
57. Cornell Model XXX. Plattsburg Dam. 
58. Cornell Model XXXIII, Plattsburg Dam. 
59. Cornell Model XXXIV. Plattsburg: Dam. 
60. Cornell Model XXXV. Chambly Dam. 
61. Cornell Model XXXVI. Chambly Dam. 
62, Cornell Model XXXVIII. Dolgeville Dam. 
63. Cornell Model XXXIX, Dolgeville Dam. 
64. Cornell Model XLVIII. 
65. Cornell Model L. 
66. Cornell Model LI. 
67. Cornell Model XLIX. 
A. Heads on the Standard Weir (Height 11.25 Feet) as Measured by Dit- 
Heads on the Standard Weir (Height 11.25 Feet) as Measured by the 
Standard-Tube Piezometer and the 10-Ft. Tape Simultaneously. 
Heads on the Standard Weir (Height 6.65 Feet) as Measured by Dit- 
ferent Methods Simultaneously. 
Heads Measured With the Hook-Gauge the Bazin Pit 
and With the 15-Ft. Tap 
These Apply, Used the Equation, h®, for Sharp- 
Crested Weirs of Various Heights. 
Values log. With the Limits Head Between Which 
These Apply, Used the Equation, for Broad- 
Crested Weirs of, Various Widths. 
Values and log. With the Limits Head Between Which 
These Apply, to Be Used in the Equation, 9 = m h®, for Irregular- 
Crested Weirs With Sections Right Lines. 
Values and With the Limits Head Between Which 
These Apply, to Be Used in the Equation, 9 = m h®, for Irregular- 
Crested Weirs With Sections of Right Lines and Curves. 


F.—Actual Determination the Formulas. 


Formulas the proposed form, namely, h", have been pre- 
pared for four different classes weirs without end contractions: 


(1) Sharp-crested weirs; 

(2) Broad-crested weirs; 

(3) Irregular weirs with cross-sections right lines; 

(4) Irregular weirs with cross-sections right lines and curves. 


The values the constants for the formulas derived are given 

measuring the head the crest weir with “tape” per- 
haps the simplest and best method actual field practice, all heads 


= 
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measured otherwise than with tape, except where specifically noted, 
have been reduced equivalent tape readings using the cutves 
Plates XXXIII and XXXIV. The distances up. stream from ‘the 
crest which these tape readings have been taken are given, with the 
tabulation the data, Tables and 67, inclusive, and 
also the discharge diagrams, Plates XXI, XXIV, and XXVI. 


(1).—For Sharp-Crested Weirs. 


(a).—General are and dia- 
grams devised for determining the discharge over all the weirs this 
class which accurate experiments, large scale, have been made. 
The adopted equations for these weirs, and the limits the heads 
between which each may applied, are given Table 

The experiments which the water was measured volumetrically, 
with weirs rated volumetric measurement, include those Fran- 
cis, Fteley and Stearns, Bazin, and those made the labor- 
atory the University Utah. These experiments have been made 
with weirs having heights ranging from the Fteley and Stearns weir, 
0.50 ft. high ft. long), the Utah weir No. 6.65 ft. high (6.55 
ft. long). The experiments Francis were made only one weir 
this class, and was 4.60 ft. high and 9.992 ft. long.* 

The Cornell 6-ft. Francis piezometer was constructed for the pur- 
pose duplicating the apparatus used Francis for measuring heads. 
Observe that the curve Plate determined the readings 
this piezometer, runs across nearly all the other curves for heads 
less than 1.ft. seems hardly reasonable that the readings for these 
small heads should increase much more rapidly, the zero point 
approached, than those the other devices; and the 
pressure orifice for this piezometer was between the two gates the 
lower end the canal, probable that leak induced 
slight velocity toward the opening. The impact due this velocity 
would account for the small increase the reading. is. for this 
reason that the heads measured Mr. Francis and those measured 
Messrs, Fteley and Stearns, using this same method, have not been 
reduced equivalent tape readings. 

(b).—Francis Francis experiments (Table 
are plotted Fig. Plate The height this was 


* “Lowell Hydraulic Experiments,” pp. 124, 125. 
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HEADS AND CORRESPONDING DISCHARGES OVER. 


SPECIFIC SHARP-CRESTED WEIRS VARIOUS HEIGHTS 


WITHOUT END CONTRACTIONS, 


Note: These curves are plotted from 
the experiments made Bazin, Fteley 
and Stearns, Francis,and the 
Laboratories Cornell University and 
the University Utah. Mean curves for 
practical use, derived from the same data, 
are plotted Plate 
This plate identical with XIX, 
except scale and angle 
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TABLE WEIRS. 


Computations Dr. Based the Bazin Formula, Weir 
Height 11.25 ft. 


No.of Assumed tape 
exp. bead. 


& 


a 


-00 
-10 
-80 
-00 
-10 
-80 

30 

-10 


to 


*Table here reproduced sample the tables numbered 8A, and 67. 
All these tables, together with Tables and are filed the Library the 
Sociéty, where they may examined those specially interested. 


4.60 ft. The results, obtained applying the trial formula the 
experiments without correcting for velocity approach, are 
shown the points, the right the figure, through which full 


(1) (2) (4) (6) (7) (8) 
Log. 
Log. Log. B 


TABLE 
Experiments the Utah Weir No. Height, 6.65 ft.; Length, 6.55 ft, 


i=) 
= 
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(3) (4) (6) (7) (8) 
0.656 0.2258 0.2450 0.0197 
0.574 0.1884 0.1818 0.0429 1.87 1.518 
E 0.572 0.1361 0.1717 0.0856 1.36 1.485 
0.559 0.1558 0.0842 1.480 
0.550 0.1106 0.1845 0.0289 1.29 1.863 
0.548 0.1022 0.1169 0.0147 1.26 1.309 
0.540 0.1888 0.0897 1.25 
0.528 0.0420 1.21 
0.514 0.0665. —0.0441 1.16 
0.0748 0.0214 1.188 
0.508 0.0524 0.0780 0.0206 1.15 1.188 
0.500 0.0752 0.0267 1.189 
0.487 0.0818 0.0540 1.217 
0.476 0.0164 0.0242 
0.0475 0.9 1.000 
—0.0422 0.0004 0.0426 1.001 
0.416 0.0810 0.1024 0.8 1.074 
0.895, —0.1051 0.0109 0.7 0.805 
—0.0841 0.0497 0.7 0.824 
—0.0857 0.0515 0.7 0.821 
0.888 —0.2164 0.0288 0.641. 
0.182 —0.8747 0.422 
0.151 —0.6904 0.0411 
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TABLE 
Experiments.on the Utah Weir No. Height, 3.72 ft.; Length, 1.77 ft. 


(1) (2) (3) (4) (6) 


No, 15-ft. tape Log. 


> 


ag 


on 


& 


o 


— 
crn 


= 


are 


(7) (8) 
8.812 
5.407 
5.501 
4.902 


Height, 1.64 ft.; Length, 6.53 


TABLE 


= 
= 
& 
= 
i=) 
= 


Cnet 


Experiments the Utah Weir, No. 


1228 
15-ft. Log. 
0.651 0.2717 0.0518 1.661 1,869 
0.612 0.1802 1.514 1.698 
0.1082 0.1657 0.0575 1.288 
0.0299 0.0759 1.071 1.191 
0.0187 0.0716 1.082 
0.0489 0.974 1,090 


TABLE 23.—( Continued.) 


' 


= 
= 
mM 
= 
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15-ft. 
—0.1876 —0.1408 0.0478 
0.0578 
0.0510 
0. - 0.0500 0. 
0. 0.0458 0. 
0.0562 
0. 0.0598 0, 
0.0649 
102 0.0678 
108 0.0612 
104 0.0548 
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All Heads are Centimeters. cm. ft.) 


~ 


longitudinal 
piezometer 
piezometer. 
piezometer. 
Crest 
piezometer. 
Point gauge 
atcrest 
(bent), 
Point gauge 


BR: 


N Date, S35 
40 4.91 -066 . 
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TABLE 


6-ft. 
piezometer. 
6-ft. wall 
piezometer. 
piezometer, 


2-ft. wali 
piezometer. 
piezometer. 


11-ft. wall 
Point gauge 
Point gauge 

at crest. 


86. 

87. 

64.744 
46. 


1231 
i i i 
No Date, 332 
1901. 
= 
62 111.808) 110.744) 111.956)........| 111.846) 108.754) 77.452)........| 95.10 
67 101,908} 102.196) 102.100)..,.....| 102.448) 96.036} 68.626)........ 
69 be 108, 264] 102.468) 102.436)....-...| 102.688) 96.664) 49.882)........ 
70 92.968} 92.848) 98.254)........| 98.142) 88.182) 62/B28)........ 
71 92.700} 92.612) 92.800)........| 98.286) 88.100) 62.872)........ 
72 = 92.716} 92.784) 92.830)........| 98.014) 88.100) 62.988)........ 
73 “ 92.606} 92.438) 92.724)........| 92.834) 78.878). 62,664].......8 
74 92.850) 92.750) 98.238)........} 08.238) 88.182). .68.002]........ 
76 84.356) 84.122) 84.456)........| 84.756). 80,478). 56.308]........ 
7 84.250} 84.122) 83.882)........| 84.502), 80.538) 
81 96.400} 95.962} 96.790) 96.38 |........) 91.488) 
84 = 87.094; 86.956 86.50 82,832), GR G22)... 
86 bes 64.800) 64.866 64.384 -62;428). 
87 58.748} 53.906 68.87 Jace GR 
91 83.616} 33.696) 33.186) 22. 
98 52.818) 52.782) 52. 51.202] 85,020)... 
100 “ 69.732) 70.116) 69.448)... 67.680), 46.972)... ee 
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TABLE A.—( Continued.) 


HEADS THE CORNELL STANDARD WEIR (HEIGHT 6.65 


MEASURED SIMULTANEOUSLY DIFFERENT THE 
READINGS TAKEN SIMULTANEOUSLY THE STANDARD TUBE- 
THE CORRESPONDING HEADS THE CORNELL 
STANDARD WEIR (HEIGHT 11.25 FT.) ARE ALSO GIVEN 
TABLE. 

All Heads are Centimeters. cm. 0.0328 ft.) 


COBH 


6-ft. float 


piezometer. 
6-ft. bottom 
piezometer. 
piezometer. 

6-ft. point 


Point gauge 
at crest 


Standard tube 
piezometer. 
6-ft. Francis 
piezometer. 
piezometer. 


42, 
45. 


2 


& 


Date, 
26 | May 18 | 21,062} 20.800) 20.900)... 
50 105.652} 108.567) 
Nem 
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108.276 
66 | June 3 |,....... 
90.628 
90.745 
90.678 
7% | June 6 29.942; 29.740 
90 | June 11| 
52.818 
52.792 


} 
111 | July 22. 20.764)...... 
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TABLE A.—(Continued.) 


Standard tube 
piezometer 
6-ft. Francis 
6-ft. bottom 
piezometer. 

6-ft. float 
piezometer. 
10-ft. tape. 
piezometer. 

16-ft. 

one-tube 
piezometer. 
Point gauge 

at crest. 


no 


right line drawn. The points the left-hand portion the figure, 
through which two broken lines are drawn, show the results obtained 
when correction made for velocity approach. 
(c).—Fteley and Stearns and Stearns 
experiments and the results computations made them are given 
Tables 13, 15, 16, 20, 26, and 28, and the plottings showing the 
trial equation, the adopted equations, the results the final diagram, 


1234 
Date, 
142 
143 
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TABLE 


All Heads are Centimeters. ft.) 


85 31.628 115 | Nov. 14 | 47.942/...... 146 | 48.452 148.386 
86 27.432 |27.410|| 116 83.372 |87.412)| 147 85.836 [85.856 
87 28.270 |23.172||) 117 30.924 |80.826)| 148 29.510 |29.454 
88 18.136 |18.142|| 118 24.624 124.452); 149 24.956 |24.850 
89 10.854 |10.336)| 119 19.814 |19.606|| 150 |Nov. 24| 46.242 |46.192 
90 | Nov, 10 | 31.676 |81.496)| 120 12.742 151 87.264 |87.412 
104 135 20.350 165 
106 22.516 187 Nov. 40.246 167 
107 15.628 138 62.836 |62.810/| a 
108 9.342 | 189 = 49.828 49.912 b 
110 39.628 [89.7 141 27.188 |27.076|| d 
il 80.416 |30.460}| 142 20.828. |20 ,092 e 
112 ya 23.954 |23 874/| 143 | Nov. 21 | 12 882)|...... 


and the degree accuracy with which these fit the original experi- 
ments, are Figs. 13, 15, and 16, Plate ‘and Figs. 
20, 26, and 28, Plate XXVIIb. curves ‘equations 
are brought Plates XXVIIT and where they, 
with plotted ‘the same axes, for purposes comparison. 

1.70, 1.00, measured with similar that 
used Mr. Francis, similar the Cornell 6-ft. 

water flowing was kept constant; and one (that with height 


Transactions, Am. Soc. Vol. XII, 
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TABLE B.—Comparison Heaps SIMULTANEOUSLY WITH 
THE THE Bazin WITH THE 15-FT. 
Heaps Were Reap THE WEIR 


No. No. No. 
Bazin 15-ft. 15-ft. Bazin 

experi- experi- experi- 
tape. ment. pit. tape. ment. pit. tape. 
58 1.716 1.771 77 19.064 19.126 29 45.296" 44.900 
23 8.242 3.251 69 19.070 19. 166 100 47.736 47.718 
57 3.920 4.001 52 20.384 20.461 64 48.352 47.972 
25 4.058 4,068 yl 20.442 20.370 4 48.976 48.926 
22 5.430 5.376 108 21.248 21,260 78 51.862 51.998 
56 7.230 7.285 68 23.848 28.409 87 58.786 58.585 
21 8.510 8.403 76 28.614 23.676 82 58.082 57.904 
55 10.110 10.290 18 24.920 24,753 15 58.704 58.881 
24 10.518 10.540 80 25.854 25.216 68 59.852 59.805 
105 12.050 12.149 74 25. 404 25.460 99 60.910 60.271 
12.646 12,579 51 25.486 25.561 43 61.078 61.210 
54 12.890 12.969 67 27 .028 27.027 98 75.738 74.89 
98 13.090 13.119 | 102 28.560 28.676 28 77.674 77.418 
70 13.146 13.187 | 34 20.138 28.840 62 78.468 77.788 
81 18.612 13.686 46 81.418 31.388 14 80.352 80.187 
80 15.7386 15.477 89 32.042 82.000 85 81.304 80.827 
92 15.660 15.593 80,246 32.211 81 86.892 86.332 
36 16.018 16.066 66 82.572 82.562 7 87.878 87.499 
16.134 16.228 17 83.302 33.260 41 98.988 98.505. 
85 16.726 16.804 101 35.930 86.073 13 95.124 94.677 
104 16.770 16.871 338 88.066 87.960 97.944 98.066 
19 17.510 17,458 80 66.290 66.410 | 26 112,398 111.941 
45 88.494 88.472 86 66 . 854 66.588 40 118.208 | 112.541 
65 41.364 89.267 42 75.200 7%. 158 12 114.780 | 114.126 
79 41.162 41,8138 88 41.682 41.715 af 

39 18.084 18.058 16 44.662 44.522 


3.56 ft.) was the standard the quantity discharged each series 
has been computed using the heads this weir, the formula, 


How well this formula fits the experiments made. for rating this 
weir shown the heavy broken line Fig, 13, Plate 
For head 0.151 the computed discharge 1.01% too small, 
according the one experiment with this low head; and, for the high- 
est head used, namely, 0.805 ft., the computed discharge too 
For heads between these limits, the formula gives some dis- 
charges little more than 0.4% too large. 

However, 0.944 ft, the and. 0.188 the lowest head 
used calculating these discharges, and neither these gives 
discharge differing more than 0.5% from that actually measured vol- 
umetrically; and, further, the results obtained Bazin, when ex- 


* Transactions, Am. Soc. C. E., Vol. XII, p.°110. 
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TABLE C.—SHARP-CRESTED 


(3) 


1.4612 


= 


the discharge, cubic feet per second per foot length weir, 
and the limiting value the heads used the correspond- 
ing equation. 


Liutrs oF Heap, 


= 


ao 


Name experimenter. 


Application.of For- 
mula Dr. Schoder. 


Application Bazin’s For- 
mula Professor Wil- 
liams, 


Cornell Hydraulic Labora- 
tory. 


Cornell 
tory. 


Application For- 
mula Professor Wil- 
liams. 


Weir No. University Utah 
Hydraulic Laboratory. 

Fteley and Stearns. 

Francis. 


J. B. Francis. 
Bazin. 


Bazin. 


Utah Hydraulic Labora- 
tory. 

Cornell Hyd. Lab. 

Fteley and Stearns. 


‘Bazin. 
Fteley and Stearns. 
Fteley and Stearns. 


Bazin. 
Bazin. 


Cornell Hyd. Lab. 
Fteley and Stearns. 


(a) (4) (6) (7) (8) 
table. weir, 
Upper. Lower. 
| 
1 11.25 | 1.5829 | 0.5117 | 3. 
1. 0.5204 | 3. 
1. 0.5041 3. 
2 11.25 | 1. 0.5116 | 3, 
1.4902 0.5249 
1.4695 0.5217 
1.4180 | 0.4990 
; 8 11.25 | 1.5878 | 0.5099 
“| 1.4502 | 0.5253 
4 6.65 | 1.5702 | 0.5087 
1.4681 0.5221 
1.8978 0.4960 
6.65 1.5671 0.5101 
1.4675 | 0.5221 
1.3505 | 0.4790 
; 1.4632 | 0.5192 |. 
7 6.55 | 1.5175 | 0.5282 
1.5024 | 0.5260 
1.4964 0.5214 
1.4896 | 0.5824 
1.4749 | 0.5265 
1.5024 | 0.5848 ‘ 
1.4587 0.5150 
u 8.72 | 1.5058 | 0.5240 
1.5019 | 0.5282 
1.4549 | 0.5042 
18 8.56 | 1.5118 | 0:5277 ; 
1.5029 0.5262 
| 14 3.31 | 1.5209 | 0.5365 
0.5811 
0.5212 
15 3.17 .5848 | 0.5421 
9.5225 | 0.5402 
0.5162 
0.5271 
0.5279 
0.5881 > 
0.5823 


= 
i=) 
_ 


TABLE C.—(Continued.) 


In Feet 


experimenter. 


tory. 


Hydraulic Labora 


Weir No. University Utah 
Bazin. 


Fteley and 


Fteley and Stearns. 


a 


= 
on 


= 
© 


TABLE WEIRS. 


the discharge, cubic feet per second per foot length, and the 


limiting values the heads used the corresponding equations. 


(8) 


(6) 


Heap, 


Width of 
crest. 


No. 
table. 


= 


1238 
(1) (2) (3) (4) (6) (7) (8) 
Height 
Upper. Lower. 
eB 1.5179 | 0.5519 | 8.564 0. 0. ( 
ae 1.4775 | 0.5857 | 3.488 0. 0. 
22 1.64 | 1.5716 | 0.5575 | 3.610 1. 0. 
tae 1.5281 | 0.5505 | 3.552 0. 0. 
3 1.5000 | 0. 8.465 0. 0. 
24 1.16 | 1.5085 | 0. 3.784 1. 0. 
ae 1.5595 | 0. 8.782 0. 0. 
: ; 25 1.14 | 1.6155 | 0. 3.733 1, 0, Bazin. 
1.5860 | 0. 3.627 0, 0, 
1, 3.660 0, 0. 
1. 3,568 0. 
| 4 1, 8.792 0, 0. 
1. 8.682 0, 0. 
In FRet. 
Cornell 
88 534 in. 1.5058 0.5228 3, 2. 0.81 
“ee 1.4285 0.4055 2. 0. 0.12 ‘ 
11% in. 1.5097 0.5207 1.72 XLVII 
1.6887 0.4797 8 0. 0.70 
1.6210 0.4698 2 0.40 ef 
"e 40 1994 in. 1.5881 0.5076 8 4. 8.00 XLI 
1.6948 0.4402 2 0.74 
' 1.4224 0.4072 2 0. 0.1% 
41 8.17 ft. 1.6505 0.8925 2 8. 1.50 XLVI 
1.4746 0.4246 2 1. “ty 0.50 
Pee ta 42 5.85 ft. 1.4900 0.4234 2 2. 0.70 XLV 
aipenetae 1.4888 0.4155 2 0. 0.50 
Pre Bee 48 8.96 ft. 1.4918 0.4245 2 3. 0.70 XLIV 
1,4806 0.4150 2 0, 0.50 
: 44 12.25 ft. 1.6006 0.3696 2 ; 5, 8.00 xXLU 
1.4590 0.4369 2 8, 1.05. 
1.5287 0.4857 2 0.17 
ok, 45 16.29 ft. 1.5805 0.4078 2 4, 2.50. | 
1.4787 0.4276 2 2, 0. 
1.4580 0.4178 2 i 0 0. 
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TABLE E.—IRREGULAR-CRESTED WEIRS SECTIONS. 


the discharge, cubic feet per second per foot length, and the 
limiting values the heads used the corresponding 
equations. 


(2) (3) (4) (5) (6) (7) (8) 


Liurts oF Heap, 


1.4978 0.5278 1.80 0.80 

1.4479 0.5704 8.719 2.00 0.85 Cambria. 
1,5912 0.5815 8.815 0.85 0.40 

0.5570 3.606 2.80 2.00 Cambria. 
1.4986 8.761 2.00 1.10 

0.5683 3.658 1.60 0.40 

1.5200 0.5640 1.40 0.82 Cambria. 

1.6705 2.941 4.00 1.90 XXVII Lawrence, 
1.5180 0.4972 8.142 1.90 0.82 

1.5278 0.5422 8.485 1.00 0.40 

1.6811 2.901 8.65 1.60 Lawrence. 
1.4920 0.4901 8.091 1.60 
1.4507 0.4819 8.088 0.28 

1.5865 0.5550 8.589 4.00 1.00 
1.4558 0.5550 1.00 0.85 

3.600 1.00 0.28 


| 


perimenting the same weirs different times, differ percentages 
much greater than this, not deemed necessary repeat this work, 
using the formulas adopted for this weir instead that above given. 

matter fact, the discharges for all the runs over the Fteley 
in-which log. 0.5239, 3.341, and these results were 
thought very satisfactory until the present method 
ing equations had been discovered. 

The heads the Fteley and Stearns weir height 3.17 ft., and 
having length 5.00 were measured with which 
took the water pressure from near the bottom the ft. 
stream from the 

The Cornell float piezometer was designed duplicate this device 
used for measuring heads Fteley and Stearns; therefore, the cor- 


Transactions, Am, Soc. Vol. 56. 
Transactions, Am. Soc. E., Vol. XII, 53. 


Upper. Lower. 
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TABLE WEIRS RIGHT-LINE AND 
CURVED SECTIONS. 
the discharge, cubic feet per second per foot length, and the 
limiting values the heads used the corresponding equations. 


(2) (3) (4) (7) (8) 
| Limits oF HEAD, | 
| IN Freer. 
Cornell model. | Dam on wéir 
Upper. Lower. 
56 1.5217 0.4790 3.018 1.40 0.56 Francis model. | Lawrence, 
7 1.5822 0.5310 3.396 3.20 0.40 | xx Plattsburg. 
1.5716 0.5451 3.508 2.80 Plattsburg. 
59 1.6226 0.5398 3.466 3.20 0.63 XXXIV Plattsburg. 
60 1.6063 0.5163 38.288 4.00 0.48 XXXV Chambly. 
1.4576 0.4846 3.052 0.48 0.08 
1.5941 0.5217 2.80 XXXVI 
1.5752 0.5401 3.468 1.60 0.40 
0.5546 4.00 1.25 XXXIX 
1.5081 0.5481 3.538 1.8 0.40 
64 1.5220 0.5570 8.606 3.20 1.25 XLVIII 
1.4818 0.5609 3.688 1.25 0.50 
65 1.5865 0.5550 3.589 4.00 1.00 L 
1.4558 0.5550 3.589 1.00 0.35 
67 1.5180 0.5582 3.616 3.30 0.68 XLIX 


| 
| 
| 


| 


rections necessary reduce heads thus measured equivalent 15-ft. 
tape readings, shown Plate have been applied, except 
that for heads less than ft. the correction has been made 
uniformly from 0.007 for head the origin. 

(d).—Bazin results experiments,* 
Series 10, inclusive, and computations made them, are given 
Tables 10, 14, 17, 18, 21, 22, 24, 25, and 27, and the plottings 
showing the trial equation, the adopted equations, the results’ the 
final diagram, and the degree accuracy with which these the 
original experiments, are shown Figs. 10, 14, 
and Figs. 17, 22, 24, 25, and Plate 

The curves these equations are brought together on’ 
XXVIII and XXIX, where they, with others this plotted 
the same axes, for purposes comparison. 


* Experiments by M. Bazin, Inspector-General of Bridges and Highways, pub- 
lished Annales des Ponts Chaussées, October, 1888, and January, 1890 
Translated Arthur Marichal and John Trautwine, Jr., and published 
Volumes VII, IX, and Proceedings, Engineers’ Club Philadelphia. 
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Logarithm of Head 
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= 0,5000 
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WITHOUT 
WITH WHICH THESE 
PERFORMED IN THE 
Note: The abscissasi 
between the logarithrg 
and the logarithms off 


quantities being meag 


4, 
per foot iength 
2 ured in feet, j 
The scale appiled 
points in the same 
difference between 
these points, the sma ij 
AU curves and 
are given the numbe q 
respective tables 
Curves are also mad 
the modeis which ome 
of these weirs. 


A 


0,02 


$0.8 0,3010 | 
B0 
A, 
-1.0 
Log. 


FORMULAS ADOPTED FOR 
BROAD-CRESTED WEIRS 


WITHOUT END CONTRACTIONS 
SHOWING THE DEGREE ACGURACY 


WITH WHICH THESE FIT THE ACTUAL EXPERIMEN 
PERFORMED THE LABORATORY CORNELL 


Note: The abscissas represent the differences 
between the logarithms of the quantities measured 
and the logarithms of the quantities computed by 
the trial formula, log, Q,,.= 0,6000 +1.5000 log. h, the 
quantities being measured in cubic feet per second 
per foot length of weir and the heads being meas- 
ured In feet, : 

The scale applied horizontally between any two 
points in the same figure gives the percentage of 
difference between the discharges represented by 
these points, the smaller discharge being the base, 

All curves and their respective reference lines 
are given the numbers used to designate the 

respective tables which contain the original data. 

Curves are also markes with the numbers of 
the models which show the actual cross-sections 
of these weirs. 
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The method used Bazin for measuring heads deseribed 
1271 and 1272. The heads, originally measured, have been re- 
duced equivalent 15-ft. tape readings applying them the 
necessary corrections, shown Plate XXXIV. The heads, 
originally measured, and the readings, are given 
the above-named tables. 

The quantities discharge, for Bazin’s Series and are taken 
from the tabulation his experiments, but does not give the quan- 
tities discharge for the other seven series; therefore, for the purpose 
determining these quantities, the shown Plate was 
constructed using the heads, meters, ordinates and the quan- 
tities discharge, cubic feet per second per foot length weir, 
abscissas. 

The points plotted were determined using the heads and quan- 
tities given Bazin’s Series and These two series contain all 
the experiments made Bazin’s standard weir. 

The discharge for Series were measured vol- 
umetrically, were also those for Series For the remaining seven 
series, however, only the head the standard weir given; and with 
this quantity, meters, using the curve Plate the 
discharges, cubic feet per second per foot length weir, were 
found. 

Experiments Sharp-Crested Weirs—The Cornell 
experiments this class, including Series XXIXa, XI, and 
XXI (Figs. 16, 17, 18, and 19), and the results computations made 
them, are given Tables 12, and 19, and Figs. and 

The curves these equations are brought together Plates 
and XXIX, where they, with others this class, are 
plotted the same axes, for purposes comparison. 

The heads these experiments were measured with the tapes named 
the tables. The experiments Series XXIX and marked 
were made April, 1903; those marked were made Octo- 
ber, The experiments Series were made October, 1902; 

Experiments.—The Utah experiments this class were 
made three weirs: No. 3.72 ft. high and 1.77 ft. long; No. 
ft. high and 6.55 ft. long; and No. 1.64 high and 6.68 long 


: 
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TABLE F.—IRREGULAR-CRESTED WEIRS RIGHT-LINE AND 
CURVED SECTIONS. 
the discharge, feet per second per foot length, and the 
limiting values the heads used the corresponding equations. 


(a) (3) (4) (7) (8) 
| 
IN Feet. 
| 
| 
1.5217 0.4790 1.40 0.56 Francis model. Lawrence. 
1.5822 0.5310 3.396 3.2 0.40 | Xxx Plattsburg. 
58 1.5716 0.5451 3.508 2.80 0.56 | XXXIII Plattsburg. 
59 1.6226 0.5398 3.466 3.20 0.63 XXXIV Plattsburg. 
60 1.6063 0.5163 3.288 4.00 0.48 XXXV Chambly. 
1.4576 0.4846 3.052 0.48 0.8 | { 
61 1.5941 0.5217 3.324 2.80 1.86 | XXXVI Chambly. 
1.5555 0.5255 3.354 1.8 
62 1.4074 0.5736 3.746 8.55 1.60 XXXVIII Dolgeville. 
1.5752 0.5401 3.468 1.60 0.40 
63 1.4425 0.5546 3.586 4.00 1.% XXXIX Dolgeville. 
1.5081 0.5481 3.538 1.3 0.40 
64 1.5220 0.5570 3.606 3.20 1.25 XLVIUI 
1.4818 0.5609 3.688 1.25 0.50 
65 1.5865 0.5550 3.589 4.00 1.00 L 
1.4558 0.5550 3.589 1.00 0.35 
67 1.5180 0.5582 3.616 3.30 0.68 XLIX 


| 


rections necessary reduce heads thus measured equivalent 15-ft. 
tape readings, shown Plate XXXIV, have been applied, except 
that for heads less than ft. the correction has been made decrease 
uniformly from 0.007 for 1-ft. head the origin. 

(d).—Bazin results experiments,* 
Series 10, inclusive, and computations made them, are given 
Tables 10, 14, 17, 18, 21, 22, 24, 25, and 27, and the plottings 
showing the trial equation, the adopted equations, the results the 
final diagram, and the degree accuracy with which these fit the 
original experiments, are shown Figs. 10, 14, 
and Figs. 17, 18, 21, 22, 24, 25, and Plate 

The curves these equations are brought together Plates 
XXVIII and where they, with others this class, are plotted 


the same axes, for purposes comparison. 


Experiments Bazin, Inspector-General Bridges and Highways, pub- 
lished in Annales des Ponts et Chaussées, October, 1888, and January, 1890. 
Translated by Arthur Marichal and John C. Trautwine, Jr., and published in 
Volumes VII, IX, and X, Proceedings, Engineers’ Club of Philadelphia. 
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logarithms of the quantities measured 
rithms of the quantities computed by 
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th of weir and the heads being meas- | 
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same figure gives the percentage of fi 
etween the diacharges represented by 
the smaller discharge being the base. 
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numbers used to designate the 
bles which contain the original data. 
} also marked with the numbers of 
rhich show the actual cross-sections 
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The method used Bazin for measuring heads 
pages 1271 and 1272. The heads, originally measured, have been re- 
duced equivalent 15-ft. tape readings applying them the 
necessary corrections, shown Plate XXXIV. The heads, 
originally measured, and the equivalent tape readings, are given 
the above-named tables. 

The quantities discharge, for Bazin’s Series and are taken 
from the tabulation his experiments, but does not give the quan- 
tities discharge for the other seven series; therefore, for the purpose 
determining these quantities, the curve shown Plate was 
constructed using the heads, meters, ordinates and the quan- 
tities discharge, cubic feet per second per foot length weir, 

The points plotted were determined using the heads and quan- 
tities given Bazin’s Series and These two series contain all 
the experiments made Bazin’s standard weir. 

The discharge for Series and were measured vol- 
umetrically, were also those for Series For the remaining seven 
series, however, only the head the standard weir given; and with 
this quantity, meters, using the curve Plate the 
discharges, cubic feet per second per foot length weir, were 
found. 

(e).—Cornell Experiments Sharp-Crested Weirs—The Cornell 
experiments this class, including Series XXIX, XXIXa, XI, and 
XXI (Figs. 16, 17, 18, and 19), and the results computations made 
12, Plate and Fig. Plate 

The curves these equations are brought together Plates 
XXVIII and XXIX, where they, with others this class, are 
plotted the same axes, for purposes comparison. 

The heads these experiments were measured with the tapes named 
the tables. The experiments Series XXIX and marked 
were made those marked were made Octo- 
ber, 1903. The experiments Series were made October, 1902; 
those Series XXI, November, 1902. 

Utah experiments this class were 
made three weirs: No. 3.72 ft. high and 1.77 ft. long; No. 6.65 
ft. high and 6.55 ft. long; and No. 1.64 ft. high and 6.53 ft. long 


4 


1242 WEIR MEASUREMENT STREAM FLOW 


(see Figs and The water was caught and measured 
the concrete measuring basin the hydraulic laboratory the 
versity Utah (Figs. 11, and The heads were measured 
with the tapes named the tables. These experiments were made 
the students doing work this laboratory from October, 1907, May, 
1911. The results the experiments and computations made 
them are shown Tables 11, and Figs. and 11, 
Plate and Fig. Plate XXVIIb. 

The curves these equations are Plates 
XXVIII and XXIX, where they, with others this class, are 
the same axes, for purposes comparison. 

Formula and Cornell Standard Weirs.—Besides the 
curves for the foregoing experiments sharp-crested weirs without 
end contractions, there are also shown Plate three 
curves which give the results obtained substituting assumed heads 
Bazin’s formula (see page 1205) for weirs this class. 

Table gives the results Schoder, Assoc. Am. Soe. 
E., obtained substituting assumed heads Bazin’s formula for 
weir height 11.25 ft., also some computations these results. 
Fig. Plate gives the trial equation and the adopted 
equations applied these results, and shows the degree accuracy 
with which they fit. 

Tables and give the Professor Williams obtained 
substituting assumed heads Bazin’s formula for weirs heights 
11.25 ft. and 6.65 ft., computations these results. 

Figs. and Plate give the trial equation and the 
adopted equations applied these results. 

These last two curves are especial interest. The data which 
determined them, with the heads, originally assumed, are the same 
those used for constructing the diagrams (page 1273) the 
draulic Laboratory Cornell University; from these diagrams the 
discharges these two standard weirs were read. 


(2).—For Broad-Crested Weirs. 


The broad-crested weirs herein considered were built over the weir 
the upper end the canal the Hydraulic Laboratory Cornell 
University. General cross-sections these models are shown Plate 


Tables 67, with the exception Tables 11, and 23, are not reproduced herein, 
but are filed the 


the Society. 


Head over 


Model 
Model XLI 
$,17' 
— >a 
Model XLVI 
5,85 
Model XLV 


Fig.26 


Measured Ft, Stream 


\ 


Head over Crest 


\ ‘ \ 


Discharge per Second 
Per Foot Length Weir 


Ws 
\ 


PLATE 

TRANS. SOC. CIV. ENGRS: 
VOL. 
LYMAN 
WEIR MEASUREMENT 
STREAM FLOW. 


HEADS AND CORRESPONDING DISCHARGES OVER 


BROAD.CRESTED WEIRS 
VARIOUS WIDTHS 


Note; These curves are based 

experiments made the 
raulic Laboratory Cornell Uni- 
versity. The dotted lines represent 
Means the curves. The 
Mean Lines are shown separately for 
practical use Plate XXIV. 
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and detailed drawings are reproduced Figs. 16, 17, and 
27, inclusive. The water after passing over these models flowed through 
the and was measured the lower standard weir, height 6.65 
ft. The space under the falling sheet these experiments was only 
partly aerated. The experiments were made during June and July, 
1903. 

The results these experiments are given Tables and 
46, inclusive, and the plottings showing the trial equation, the 
adopted equations, the results the final diagram, and the degree 
accuracy attained, are shown Plate XXX. The curves these 
equations are brought together Plate where they are plotted 
the same axes, for the purpose comparing the results. 

The adopted equations for these weirs and the limits the heads 
between which each may applied are given Table 


CORNELL 


STANDARD WEIR. 
CORNELL STANDARD WEIR, 
SERIES XXIx, SERIES XXIXa. 


Fic. 16. Fic. 17. 


(3).—For Irregular Weirs with Cross-Sections Right Lines; 


All the models weirs this class were constructed the Cor- 
nell Hydraulic Laboratory, the lower end the canal, over the 
weir height 6.65 ft., and the water flowing over them was measured 
the upper weir, height 11.25 ft. General cross-sections these 
models are shown Plate XXV, and detailed drawings are re- 
produced Figs. 19, 34, inclusive, and 44. The results 
these experiments are given Tables 12, 55, inclusive, 
and also and 66. The plottings giving both the trial equation and 
the adopted equations and showing their accuracy are shown Plates 
and XXXIIb. The curves these equations are brought to- 
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AND SHOWING THE DEGREE ACCURACY 
WITH WHICH THESE FIT THE ACTUAL EXPERIMENTS 
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GIVING THE FORMULAS ADOPTED FOR 
IRREGULAR CRESTED WEIRS 
WITHOUT END CONTRACTIONS 


SEE NOTE ON PLATE XXXIID 
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gether, with others similar character, Plate XXV, where, for 
purposes comparison, they are plotted the same axes. The ex- 
periments Series and also those Series XXII, XXIII, XXIV, 
XXVI were made November, 1902. Three the runs ex- 
periments Seriés XXVII were made December, 1902, the others 
April, 1903. 

Series XXIV, XXV, and XXVI there was aeration behind 
the falling sheet, but the other series free access air was pro- 
vided. 

The adopted equations for these weirs and the limits the heads 
between which they may applied are given Table 


ve} 


CORNELL MODEL XL. CORNELL MODEL XLVii. CORNELL MODEL 
20. 21. 22. 


(4).—For Irregular Weirs with Cross-Sections Right Lines and 
Curves. 


Most the models the weirs and dams this class were built 
the Cornell Laboratory over the high weir the upper end the 
canal. General cross-sections these models are shown Plate 
XXVI, and detailed drawings are reproduced Figs. 16, 43, 
inclusive, and 45. Provision was made all cases for free access 
air behind the falling sheet. These experiments were made during 
May and June, 1903. 

The results obtained are given Tables 65, inclusive, and 
Table 67, and the plottings, with both the trial equation and the 
adopted equations, also the degree accuracy attained, are shown 
Plates and 
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The curves these equations are brought together Plate 
XXVI. Table gives the adopted equations for these weirs and 
the limits the heads between which each may applied. 


the Curves That Represent the Adopted Formulas. 

Before taking comparison the discharges over weirs sim- 
ilar nearly similar cross-sections, attention will drawn Plates 
XXVIIb, XXX, XXXIIa, and which, the 
adopted equations and their loci for sharp crests, broad crests, and 
irregular crests, respectively, are shown. 


CORNELL MODEL XLVI, CORNELL MODEL XLV. CORNELL MODEL XLIV. 
23. 24. 25. 


(1).—For Sharp Crests—Plates and 

The curves for experiments sharp-crested weirs without end con- 
tractions are shown Plates and XXVIIb. Although 
these “curves” are made right lines, would almost impossible 
draw any line any curvature which would fit these experiments 
better than these adopted right lines. 

these plates, arranged originally, independent series 
right lines was drawn, fitting the experiments. with These 
results, however, were not great value general one curve 
was only one set and the scale which 
the plates were made exaggerated the differences and led confusion. 
the same horizontal lines. The two lines, log. 0.01550 and 
senting the experiments should broken. ‘These lines indicate heads 


aS 


22 23 2 26 


17_ 18/19 20 2 


2 


Model 
co iS Gg < 2 
2 
0 £o 
O=4 \ 
of g 06 
ve 0. 
n. 0 


s 
Ww 


| 


= 


or 


4 


° 
° 


DIAGRAM 


GIVING THE FORMULAS ADOPTED FOR 


IRREGULAR-CRESTED WEIRS 
WITHOUT END CONTRACTIONS 
AND SHOWING THE DEGREE ACCURACY 


WITH WHICH THESE FIT THE ACTUAL EXPERIMENTS 
PERFORMED THE HYDRAULIC LABORATORY CORNELL UNIVERSITY 


Note. The gbscissas represent the differences 


between the logarithms of the quantities measured 


and the logazithms of the quantities computed by 
the trial formula, log, Q,= 9.5000 +1.5000 log, h, the 


quantities being measured in cubic feet per second 
per foot length af weir, and the heads being meas- 


ured in feet, 
The scale applied horizontally between any two 
points in the same figure give the percentage of 
difference between the discharges represented by 
these points, the smaller discharge being the base. 
All curves and their respective reference lines 
are given the numbers used to designate the 
respective tables which contain the original data. 
Curves are also marked with the numbers of 
the which show the actual cross-sections 
of the weirs, 
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0.70 and 0.40 ft., respectively. will observed, however, that 
the left-hand portion Plate five sets plottings have 
been divided into four parts, each which represented accurately 
straight line. The additional line division log. 0.3010, 
2.00 These results were easily compared and compiled 
general diagram. 


(2).—For Weirs and Broad-Crested Weirs—Plates XXX, 
and 


Although there not sufficient similarity the cross-sections 
the irregular weirs here shown, the results the experiments 
them, warrant attempt devise general diagram for such 
structures, there similarity the results obtained from the ex- 
periments broad-crested weirs which naturally produces the general 
diagram, Plate 


CORNELL MODEL XLII CORNELL MODEL XLIIl AND XLiila. 
Fic. 26. 27. 


H.—Use the Scales Plates XXVIla, XXVIIb, XXX, XXXIla, 
and XXXIIb, and Method Constructing Them. 


use the scales Plates XXVIIb, XXX, 
and XXXIIb, the method constructing which described below, 
the accuracy with which any particular experiment fits the adopted 
line formula can seen once, and can read the nearest 
tenth per cent. 

Let log. the logarithm the discharge represented any 
point the diagram, and let any percentage this discharge, 
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TEN DIFFERENT WAYS 


THE CORNELL STANDARD WEIR 
HEIGHT 11.25 FT. LENGTH 16.0 FT. 


Note: Abscissas represent the heed, in feet, as mcas- ee | 
Biker 


ured by the standard tube-plezometer. a 

Ordinates represent the differences between the head 
measured the standard tube-piezomoter and 
measured by some other method. 

All measurements taken 6 ft. or more up stream from 
the crest are shown on the upper part of the diagram 
on a large vertical scale, and those taken less than 6 ft. 
up stream from the crest of the weir are shown lower 
on the diagram on a smaller vertical scale. 

The broken lines drawn from the origin show the 
amount of variation in head as measured by the 
standard tube-piezometer that produces a change in 
the computed discharge equal in percentage to the 

. amounts marked on these lines. 
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log. 


4 


CORNELL MODEL 


Fie. 34. 
These are plotted the scales drawn each these 


plates. 
negative, the the parentheses less than 
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these scales, which are constructed from positive values 
will only give correct results, technically, the 
discharge involved used the base; 


PLATTSBURG DAM. PLATTSBURG 


CORNELL MODEL CORNELL MODEL 
35. 36. 
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37. 38. 
(1).—General Statement. 
XXV, XXVI, are designed 
show the relation that exists between the discharges similar weirs. 


put the loci the similar weirs the 
same plate and refer them the same axes, only necessary 


find two points locus each and then draw that 


locus between the two lines that represent the logarithms limit- 
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COMPARISON THE RESULTS OBTAINED 
SIMULTANEOUS MEASUREMENTS 
NINE DIFFERENT WAYS 
DEPTH WATER THE CREST 
THE CORNELL STANDARD WEIR 
HEIGHT 6.65 FT. LENGTH FT. 

Abscissas represent the head feet 

the standard weir of height 11,25 ft, 

Ordinates represent the differences between 
the heads as measured by the standard tube - 
‘plezometer. at the higher weir and those 


measured by various methods simultaneously 
at the lower weir. 
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The two lines which these most located are 
log. substituted the equation for which the locus desired, 
will give the two values log. which locate the two points sought; 
but when these two values have been found, may 
plus the other the horizontal scale desired 


CORNELL MODEL XXXVI. CORNELL MODEL 
39. 40. 
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DOLGEVILLE DAM. 
CORNELL MODEL CORNELL MODEL 


41. 42. 
for each second decimal place the logarithm, plus 
0.50 100 in. the right the origin and the 190 in. 
the it, thus requiring the drawing 290 long, order 
contain the part the locus between the two lines, log. and 
log. If, however, the zero the line, log. brought 
the left: until the plus 0.50, directly over the 0.90, 
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and vertically, the’ the: angle the line, 
log. 0.0000 makes with the horizontal all the 


CORNELL MODEL XLIX. 
45. 


log. this the tangent the which. all these 
lines make: with the Knowing one 

the line, The zeros these two lines are shown, 
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eubic feet per second per foot weir. 
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other line. required locate this line the drawing. 
The the from the value the logarithm 
the quantity which the line, cb, represent; but point may 
not fall within the limits the knowing the 
the angle the line with the horizontal, and the loca- 
point, which intersects the horizontal line, ab, any 
portion, required part the line can then drawn. the 
any number quantity lines may constructed. 

Lines representing the heads are readily located, they are drawn 
horizontally through points which represent the logarithms 

and XXXI, the point, 0.40, has been placed 0.90, 
that the are 130 in. apart horizontally. 


Weirs. 

Over Specific Weirs Used 
loci the equations for these weirs are shown Plates 
and The constants these equations, ‘with the 
head between which they apply, are given Table 

For the curves are brought together the axes 
Plates XXVTII and are identical except for scale 
and angle co-ordinates. 

will seen that these curves are all more less similar, and 
that the changes form, and position with respect the locus 
the trial equation, general, the height 
the weir. 

(b) Friction Channel well justi- 
Bazin’s assertion ‘is that from the results obtained could find 
difference the dischatge per foot length his standard weir 
height ft:, when the length was ft. and when the length 
weir gives the greater discharges for heads near 0.40 ft., and for higher 
heads the aré practically the same. 


i 
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The small discharges given Bazin’s formula for heads below 
0.5 ft. when applied the Cornell weirs justifies the assertion repeat- 
edly made Professor Williams that the experiments these weirs 
with low heads are not reliable. 

general diagram for weirs this class, the horizontal be- 
tween the locus the trial formula (log. 1.5000 log. 
and the loci the adopted formulas were read Plates 
and the four lines, log. 0.1000, log. 0.1550, 

The two inner these four lines were selected 
ously explained, all the curves have been made them. 
The other two were selected convenient lines, one being near the 
upper, and the other near the lower, limit the diagram. 

The values thus read were plotted abscissas and the heights 
the weirs ordinates Fig. 14. From the curves which these points 
determine, mean values were taken for weirs assumed heights. 

The values thus obtained were laid off the four corresponding 
lines Plate XXI originally constructed cross-section paper. 
The locus the trial equation, course, laid off the 
diagram. Only that portion the original diagram necessary show 
the relation existing between the heads, the discharges, and the heights 
the weirs, has been reproduced Plate XXI; general 
diagram for measuring the water flowing over all weirs this class. 

Plates XXIII, XXIV, XXV, XXVI, XXVIII, and are 
also reproductions only those the original drawings 
which are really necessary show the relation between the quantities 
named thereon. 


(3).—For Broad-Crested Weirs. 


Plate are brought together all the curves for broad-crested 
weirs, the widths varying from 16.29 ft. All these weirs have 
height 11.25 ft. The curves marked Cornell Ht. 6.65 and Table 
are for weirs width in. and height 6.65 ft. The weirs with the 
narrower crests are, for all practical purposes, weirs with sharp crests. 

will noted that, certain point, that is, certain 
head, the curves for all these weirs practically coincide; the point 
which this coincidence ceases varies with the width weir. For 
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the, Cornell Model XL, which has width the curves leave 
the “broad-crest” line head 0.36 ft. and extend across the dia- 
gram diagonally, reaching the line head 0.80 ft. 
This the head which the sheet jumps entirely over the “broad 
crest”; for all greater heads this ;weir operates had sharp 
and its curve, above this point, coincides with that for sharp 
crests. 

with the weir having crest in. wide, it, general 
way, according this diagram, with those other widths. The “broad- 
crest” line practically parallel the “sharp-crest” line. The curves 
for all broad crests follow the “broad-crest” line head; 
then they jump straight line diagonally across the diagram 
the “sharp-crest” line, and follow the limit the experiments. 

explained previously, this may accounted for follows: 
the head increases, definite point reached which vacuum 
starts form under the sheet top the crest, with the effect 
increasing the flow. This effect increased until, certain head, 
the sheet jumps entirely free from the crest, and then for all higher 
heads the weir acts the crest were “sharp.” 

Mean values lines for the “broad-crest” condition, the “sharp- 
crest” condition, and the “intermediate” condition, are shown broken 
lines Plate XXXI;. and these form the whole diagram Plate 
XXIV, used for obtaining the discharge over all weirs 
this height with broad crests. 

Fig. 15, containing the information from which Plate XXIV 
was drawn, shows the relation between the widths the crests and the 
heads at. which the changes from the broad-crest condition begin, and 
those which the condition reached. From the two 
curves this plate, the head can which 
condition ceases. for crest any width, within the limits the 
experiments, and that also which the sharp-crest condition begins. 
From these curves, information was secured for constructing Plate 
XXIV, which. the used practice for 
obtaining the discharge over any weir with broad crest ‘having 
height 11.25 ft., within the limits shown this plate. 

might naturally expected that for some heads the flow over 
broad-crested weir would greater than that over similar sharp- 
crested weir, the flow through short tube greater than 
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that through the same diameter under 
this not the case for crests wider than 
not for. the fact that Model discharge than 
this case, appears that, for weirs with broad crests, the friction 


curves, for the weirs this class brought together 
Plate XXV. The two curves marked and. XXVIIb 
are the results experiments model the built 
over the upper standard weir Cornell 
The curve marked the result plotting. the 
they were measured by. the The marked 
the result plotting the heads measured the 20-ft. 
the surface the water ft. stream, thus smaller 
discharge same head than is.shown the tape. 

appears that very slight differences comparatively 
large the discharges: over for example, 
the difference between: XXI and this 
up-stream face 3/65 ft. high,:and the other the curve the same 
side for height from the The weir 

greater than Model arid for head 0.9 gives discharge 

for the for these weirs Table 


* “Lowell Hydraulic Experiments,’ .p. 136, 
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and Curves. 

The curves for the models this 
see how uniformly, for high heads, these 
models give discharges weirs with sharp crests, and that 
Its discharge greater ‘than ‘that the weir 
discharge about 3.3% The two’ curves, XXXV and XXXVI, 
‘the quantity water which will over under 
given 

for the for these weirs are given Table 


A.—General Remarks: 


All the data this been obtainéd from 


far the writer knows, comprise extensive sét 


(1) 


Each the readings used for obtainmg the headion the weir 
the average series readings taken during period from 
min., during which time the head was kept nearly constant 
and readings were taken varying from two six 
per minute. 

runs, measured ‘the standard tube- -piezometer, been plotted 
with the heads, measured the instruments, 
ordinates. The scale used one gauge- unit, one double 
centimeter, the inch. centers grayity the curves thus 
drawn were found first whole, then for the two halves 
the curve, sometimes for the four fourths, and few cases for 
the eight eighths. Then, passing lines analytically through some 
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all the points thus found, equations have been obtained which 
express the relation between the heads accurately that relation 
could seen the 

These plottings, these equations, and their form 
thesis “The, Flow Water Over Weirs” presented Cornell 
University the writer for the degree. This matter 
too extensive, however, reproduced detail this paper; but 
the heads measured are given Table and the results obtained 
Plates and XXXIV, These plates show how 
widely the obtained results may differ the depth of. water the 
crest weir measured different ways, even though generally 
accepted hydraulicians methods which give correct results. 

generally understood that, for computing the discharge 
weir, the head should not measured less than ft. stream from 
the crest; therefore, the results obtained measurements ‘taken ft. 
more above the crest are shown independently the upper part 
the standard tube-piezometer, plotted originally scale in. 
0.1 the ordinates represent the differences between the 
standard-tube heads and those measured some other method plotted 

The differences between the heads measured the 
tube and those measured less than ft. stream from the 
the weir are great that, order show them within the limits 
the plate, the vertical scale had reduced the scale shown 
the lower portion the 


(2).—On the Piezometer. 


Before taking detail descriptions the different measuring 
devices used securing the data herewith presented, may well 
state that, general, the apertures piezometer are supposed 
made surface surfaces the elements which are 
parallel the direction the line flow the water. The water 
flowing through openings conducted water-tight pipe 
vertical glass tube securely fastened framework. Next the 
tube, and back it,, there carefully graduated seale, which, 
with the aid rider, the elevation the water can read; this 
elevation the same that the surface the water 
which covers the openings the piezometer. 


| 
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The action the water makes the surface the water 
column glass tube assume the form meniscus’ with its 
convex side downward. the lowest this surface definite 
and easily seen, piezometer readings were taken placing the index 
the rider the horizontal plane containing this lowest point. When 
the rider its the reading for column 
water. 

the Tape. 

used the hydraulic laboratory for the 
depth water the crest weir, consists carefully graduated 
steel tape, plummet attached such way that the 
distance from the end the tape the point the bob constant. 
This tape, with the hung over the end 
gradually, not very sharply, rounded top which 
the line, used mark; the reading the tape, 
made the upper surface this plate right angles the sides 
the groove. When the point the plummet just touching the 
water, this index line the reading the tape that particular 
elevation the water surface. 


the Point- or, Hook-Gauge. 


word may added here explain the method used when 
readings are taken with point-gauge hook-gauge. Two blocks, 
some apart, and containing rectangular notches, are placed 
that one vertically above and symmetrically situated with respect 
the other. These are the ‘gauge vertical position, 
receives the small bar the back the rod, thus fixing the 
position ‘of ‘the index the rod. The point, which attached the 
with the surface ‘the water. When thus placed, thé index the 
the gauge reading for the depth water which being 


observed. 
the Method Zeros: 


The readings these various instruments for various elevations 
the water surface, are value only when the height the 
surface, with respect some particular and well-defined datum, can 


For, determining the zeros the various measuring used, 
hook-gauge was clamped the crest the weir which heads were 
such way. that the upright bar was vertical: position. 
horizontal plane containing ‘the weir thé screw 
level with the the the gauge and 
The differerice reading and subsequent 
reading, taken with the point the hook at'the the water, 
was the distance the surface the water below the crest the weir. 
used, and recording the results comparison, 
the were begun. During the observations the 
below the Readings the different, measuring, were 
taken rapidly could made care, and the 
time each observation the nearest second, were recorded. As, 
was practically impossible the the water surface 
constant, several readings were taken manner just 
described, some, with, slowly rising,.and others 
surface the, water slowly the close each 
series obseryations, the were again compared, and the; reading 
the hook-gauge, with the point the hook the horizontal, plane 
containing the weir, was carefully checked. 

plotting these readings, using the times abscissas and the 
readings ordinates, curves drawn showing the readings that 
any measuring devi ice use would give, been taken 
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were selected; near the commence- 
ment, the near the close, each run observations, 
the readings the various instruments the times selected were 
curves. the water surface below the 
the weir was the thus indicated, between the 
reading the the hook-gauge reading the 
time selected. this difference, properly applied 
zeros. The differences between the means thus 
found and readings taken during the subsequent experiments were 
the heads; required. 
Expressions. Used. 

head water the weir measured with 
the instrument named, water the weir meant 
the distance, the horizontal plane containing 
the crest weir and the plane’ surface the water the channel 
approach. 

The different piezometers, tapes, gauges considered have been 
ealled names that tell; how far stream the 
head was measured, and, secondly, what the measuring instrument was. 


B.—Measurements Heads the Standard Weir. 
(Height, 11.25 Ft.) 

The standard tube-piezometer the following: Three 
j-in. pipes, each ft. long, and perforated with four rows 
holes, each row consisting holes in. apart, longitudinally, and 
90° apart. circumferentially, perforated; portion being near the 
down-stream end, three pipes:are nearly horizontal may 
be, and are parallel the walls the channel. -Each pipe 
two legs pipes its ends, one 90° elbow, 
transverse and resting the bottém the 
canal. down-stream legs extend ‘height some 
ft. above the walls the are left open the top 
provide means any air which may entrapped 
the. tubes below. (See Fig. 6.) 
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The pipes just mentioned are joined such way that water can 
enter them only through the perforations. another pipe, 
attached the base, the water entering the perforations carried 
through the bulkhead, shown Fig. and down stream for more 
than 100 ft. Here the pipe extends northward through the bottom 
the canal wall into the gauge-house, where attached short 
piece rubber hose the standard tube (glass) in. diameter. 
The surfaces the column water the tube and the water 
the chamber above the weir, are supposed the same horizontal 
plane. 

The south branch and the middle branch this piezometer are 
shown clearly The former in. from the canal wall, 
the latter ft. farther north, and the branch the north side 
in. from the north wall. The distance from the crest the weir 
to. the nearest perforation the south branch the piezometer 
25.67 ft.; that the north branch, 25.63 ft. The lengths the 
perforated portions the three horizontal pipes, beginning with the 
pipe the south side, are 1.01, 0.92, and 0.92 ft., respectively; thus 
the average distance the centers the perforated portions the 
pipes above the crest the weir 26.12 ft. The north branch 
ft. in. above the bottom the canal, ft. in. below the hori- 
zontal plane containing the crest the weir; the corresponding meas- 
urements for the south branch are ft. and ft. in., respectively. 

The heads, measured this standard tube-piezometer, are used 
standard with which the heads measured the other devices are 
compared. (See Plates and XXXIV.) 


(2).—With the 6-Ft. Longitudinal-Piezometer. 


The longitudinal-piezometer consists the following: 
horizontal pipe perforated with four rows holes 90° apart, there being 
thirteen holes each row, with longitudinal distance in. 
between their centers. Lines joining the diametrically opposite rows 
holes make angles about 45° with the center line 
this pipe approximately in. from the south wall the canal, 
and 3.8 in, below the horizontal plane containing the crest the weir. 
The centers the lines holes the pipe are ft. 104 in. stream 
crest. Eastward, the pipe extends in. from the hole 
farthest east, and this point the end the pipe closed with 
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cap. Westward, the pipe extends through the bulkhead the gauge 
the bank the canal below the weir, where the readings this 
device are taken. 

The pipe the 11-ft. longitudinal-piezometer, which replaced the 
one just described and similar it, the horizontal pipe shown 
Fig. attached the canal wall. This pipe extends stream from 
the crest the weir, but slightly below the level the crest. 

shown Plate the difference between the heads 
measured the 6-ft. and those measured 
the standard almost constant, and equal 0.0032 the standard 
tube-piezometer giving the smaller heads. 


(3).—With the 


The 6-ft. wall-piezometer consists vertical pipe fixed 
cemented into the canal wall such way that its perforated por- 
tion, containing holes, in. apart, flush with the plane side 
the The center this pipe 6.01 ft. stream from the 
crest the weir, and its uppermost hole 28} in. vertically above the 
crest. the top the pipe, in. above the crest the weir 
(Fig. leads into the canal and thence vertically 
upward ft, more. the bottom the perforated pipe, which 
about in. below the crest the weir, connection projects into 
the channel and attached pipe which extends westward through 
the bulkhead the gauge. This piezometer gives slightly higher read- 
ings all points than does the standard tube, and the difference be- 
tween these readings uniformly increasing quantity 
lowest the highest head measured, shown Plate XXIII. 

(4).—With the 6-Ft. Tape. 

This tape was ft. from the south wall the canal and ft. 
stream from the crest the standard weir. 

For heads less than 0.66 ft., the readings the tape exceed those 
the standard tube-piezometer, and for heads greater than this, the 
reverse the case. (See Plate 

the Cornell Hydraulic Laboratory Records* 
“Notice that the standard tape [meaning what here called the 6-ft. 
tape] below the beginning surface This the only indi- 


cation the laboratory records that the readings this tape may 


June 6th, 1901. 
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surface certainly other measurements taken 
same distance stream from the crest the weir will affected 
similar interesting note, however, that, for all heads, 
give greater tham those measured 
the 10-Ft. Tape. 

stream ‘from the crest the weir. 

was found necessary use two right lines show the relation 
existing between the heads tape and the same 
heads measured the standard-tube This relation 


the Wall- Piezometer. 


wall, which leads vertical pipe extending upward inside timber 
the canal wall atmosphere, and short 
below the opening; then projects into 
pipe which runs west along the south channel 
below ft. 

One line, Plate represents the curve 
ing from the readings this piezometer. appears that for 
low heads the readings the 11-ft. wall-piezometer are lower than 
the standard tube. however, would fit the points 
little more accurately, they are plotted, if, from its point 
section with the standard line, were drawn toward origin. 
difference, then, the readings this piezometer 
standard are zero for low heads, but they increase gradually until, for, 
head ft. the standard-tube, wall-piezometer gives 
makes change about the computed discharge the weir. 


the 


The perforations the 2-ft. wall-piezometer, made receive the 
water, are vertical pipe, buried cemented the wall 
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the canal way that the portion the perforations 
forms, the plane side The top pipe, 
in. vertically: above. the: horizontal plane the 
the canal and then vertically about shown 
the horizontal plane containing the crest the weir, connection 
leads; into the westward, close the canal wall, 

The horizontal distance from the the the vertical 
line containing: these perforations The center 
the lowest hole in. below the horizontal plane the 
crest. From this point vertically upward, twenty holes 
in. apart. The curve which results from plotting the heads indi- 
this piezometer shown Plate XXXIII. only part 
the could the plate drawn the vertical used 
the upper part the diagram, the whole curve drawn smaller 
scale the lower portion. 


(8).—With the Crest-Piezometer. 

This piezometer consisted pipe, about long, 
set vertically upright plank which. was buried the concrete 
such way that the plank and the perforated portion the pipe 
formed part the plane side the canal. The centers the per- 
forations in. in. apart) were vertically above 
the crest the weir its 5). The lower end this 
lower where the gauge was 

curve determined the readings this piezometer shown 
Plate the diagram, which drawn the smaller 
The difference between the readings this 
and those the point-gauge the crest one the most 
and features this comparison. 


The operation gauge much the same the Boston 


level rod when the line sight plane 


ing the The target, however, replaced 
straight, round,, pointed bar, extending about in. below the end 


q 
| 
| 


1268 WEIR MEASUREMENT STREAM FLOW 


the sliding portion the rod. Instead, too, the bottom 
the stationary part the rod rest the reference point bench- 
mark, small brass bracket fastened this portion 
the rod and used support it. The two ends the rod are placed 
the rectangular notches already mentioned, and thus the point 
kept the same vertical line when moved taking 
ment. (See page 1261.) 

The readings which determine curve (Plate 
XXXIII, lower portion) were taken, supposedly, the vertical plane 
containing the crest the weir, but the statement made* that when 
the point was the crest level was in. down stream from this 
plane. for.this reason that the curve marked “bent.” 


(10).—With the Point-Gauge the Crest. 
(After the point was straightened.) 


The readings taken with this gauge, after the point was straightened 
that moved the vertical plane the crest the weir, have 
been used determine another curve, shown the lower 
Plate The description this 
and 1267. 


uge given pages 1261 


C.—Measurements Heads the Standard Weir 
(Height 6.65 Ft.). 
(1).—With the 6-Ft. Francis Piezometer. 

This device for measuring the depth water the crest the 
weir consists circular orifice 12-in. brass plate; the 
center the opening ft. in. stream from the the 
weir, in. below the upper edge the plate, and in. below the 
horizontal plane containing the the weir. This orifice leads 
into pipe which extends through timber the canal wall and 
attached the gauge which the “Francis” readings were taken. 

This instrument, like all the others from which readings were taken 
this weir (the curves being shown Plate XXXIV), gives readings 
heads smaller than the standard-tube piezometer with which 
compared. This, however, expected, even the readings are 
taken simultaneously, because the standard-tube measurements were 
taken ‘at the weir 11.25 ft. high and the others the weir 
height 6.65 ft.. The vertical distance between these curves, however, 


Book 50, Cornell Hydraulic Laboratory Records, May 24th, 1901. 
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the same the comparison had been made with the heads 
any other the measuring devices. 


(2).—With the 6-Ft. Bottom-Piezometer. 


The orifice this measuring device }-in. circular opening 
cap which flush with the face 10-in. timber form- 
ing part the side-wall the canal. The opening ft. above 
the bottom the channel approach and ft. stream from the 
crest the weir. The pipe which the cap attached extends 
through the canal wall, where connected the gauge. 

The resulting from plotting the readings this piezometer 
shown Plate XXXIV. 


(3).—With the 6-Ft. Float-Piezometer. 


This piezometer consists plank, pipe extending half 
way across the bottom the canal, and gauge the outside the 
The 12-in. plank, ft. long, and dressed the north 
side, edge the bottom the canal with one end the 
other end beveled angle about 30° with the 
center line canal, for the purpose directing away 
piezometer opening all water having disturbed direction flow. 
the dressed face, which occupies the center the canal, placed 
brass plug which contains }-in. orifice leading into the 
pipe just mentioned. This pipe extends across the channel, 
through 10-in. timber the south wall, and attached the 
gauge just outside the canal. 

The center the circular orifice which receives the water in. 
above the bottom the canal and 6.00 ft. stream from the crest 
the weir. 

The ‘curve determined plotting the readings this piezometer 
shown Plate XXXIV. 


(4).—With the 6-Ft. Point-Gauge. 


This instrument described pages 1261 and 1267. Readings 
with it, which determine the curve shown Plate XXXIV, were taken 
6.00 ft. stream. this curve determined only sixteen points, 
the results indicates have less weight than those given curves 
determined many more. 
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the 10-Ft. Tape. 


Readings this tape were taken ft. in. stream. Its curve 
shown Plate XXXIV, 


(6).—With the 


This piezometer in. the following manner: Three 
forated for its length) 90° elbows six legs, 
one each end each pipe; these legs are connected to. two 
bottom the Through all these pipes the water freely 
and conducts the pressure into pipe, more than 100 
the bottom the channel, opening near the bottom the 
canal wall, through which the pipe extends the “lower tube” (in 
the gauge-house), which the readings instrument were taken. 

The three pipes containing the perforations are the 
sides the canal, there are four rows 
rows are 1.in, apart. The up. are in. 
stream from the legs: ‘and, the 
perforations down stream: within, .the, down- 
stream legs. 

The curve which the. readings, this determine 
Plate XXXIV. 


Tape, 


Heads were measured with this tape The eurve 


(8).—With the 16-Ft. One-Tube- Piezometer. 


The. had only perforated the 
13-ft. three-tube-piezometer had three. instrument, was 
replaced the latter,* and the readings both these piezometers were 
taken the “lower tube” gauge-house. 

single perforated tube was above the bottom the 
south side the canal. 


* Cornell Hydraulic Laboratory Records, October “90%. 
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The results obtained measuring the heads with this piezometer 


the Point-Gauge the Crest. 


The point-gauge has been pages 1261 and 1267. 
“standard” are great that they cannot Plate XXXIV, 
therefore the equations the curve are given instead the curve itself. 


Let the readings the point-gauge. 
and the reading the “standard,” all double centimeters. 


For values between double centimeters and 39.1 double 
For values between 39.1 double centimeters and 41.5 double 


(10).—With the Hook-Gauge the Bazin Pit. 


With the, intention measuring the heads standard 
weir (height 6.65 ft.) exactly measured those his stand- 
ard weir, and thus justifying the use Bazin’ formula for computing 
the discharges over this weir, the “Bazin was constructed 1903. 

Bazin’s standard weir was, 1.135, high, and the 
heads this weir chamber the side the canal into which 
the water entered through 4-in. circular opening, the end which 
was flush with the canal wall. The center this opening was 
stream from the vertical plane containing the crest the weir, 
thus making the ratio the distance stream, where heads were 
measured, the height the weir, 1.135, 4.42. 

The height the Cornell weir 6.65 ft. and the distance stream 
the the 4-in. opening in. above the bottom the canal) 
value ‘almost exactly the same that given the conditions 
Bazin’s weir. 

The pit, ft. in. wide, and ft. in. deep, 
tance between and the in. The sloping roof over 
this pit shown the left Fig. 
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The height the water the Bazin pit was measured with hook- 
gauge which was firmly fastened the timbering the west side 
the pit. 

The relation between the heads measured the Bazin pit and the 
same heads measured with the 15-ft. tape has been deduced from the 
readings herewith presented, these readings having been taken simul- 
taneously. (See Table B.) 

Letting heads the 15-ft. tape, feet; 


the equation. 


expresses the relation between them for heads ft. From the 


relation thus for the Bazin pit Plate XXXIV 
has been drawn. 


A.—Description. 


the north boundary line the campus Cornell University, 
and the south bank the magnificent Fall Creek Gorge, 
Cornell’s famous Hydraulic Laboratory. Fig. shows the lower stand- 
ard weir (height 6.65 ft.), part Creek Gorge, the falls, the 
dam, the laboratory building, Beebe Lake, and the west end the 
canal, they appear during the high-water season. Fig. clearer 
view the laboratory building, the gorge, and the dam. Fig. shows 
the west lower end the canal. The standard weir (height 11.25 
ft.) the east upper end the canal, Beebe Lake, and portion 
the forest the campus Cornell University are shown Fig. 
The canal ft. deep, ft. wide, and 350 ft. long between the two 
standard weirs; its walls are smooth concrete, and in. thick. 

The upper weir chamber, the east end the canal, ft. long, 
17.7 ft. deep, and ft. wide. contains ft. above the 
weir. There are six sluice-gates the head east end the canal, 
and the 10-ft. and 16-ft. tapes are located there. The position the 
baffle below this weir can seen Fig. 4.. The six sluice-gates are 
operated with rack and pinion iron levers ft. long. 

detailed drawings and descriptions the Hydraulic Laboratory 


Say 
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University have appeared several publications,* addi- 
need given here. The various gauges, tapes, piezome- 


ters, and other devices used for measuring heads have already been 
described. 


B.—Method Used for Measuring Water. 


the Cornell Laboratory there was which the 
discharge could measured volumetrically. The quantity of, water 
which flowed over the standard weirs for known heads was compiled 
using the weir formulas Francis, Fteley and Stearns, and Bazin. 

Experiments were made the same quantity water 
over the two weirs succession, measuring the heads both, and 
from these use the three weir formulas named, the dis- 
charge was computed. 

For computing the quantities discharge this paper, Bazin’s 
formula has been used, or, what equivalent the use this formula, 
the previously mentioned (page 1242), which was constructed for 
the standard weir height 6.65 ft. 

The Bazin pit. (page 1271) was put into actual use for the first time 
during the afternoon June 22d, 1903, All heads read this pit 
are used directly the diagram for ascertaining the corresponding 
discharge. 

long series comparisons,.the relation between the heads 
measured the Bazin pit and those measured some other method 
simultaneously, have been found, and this has been expressed the 
form equations. the use these equations, all heads read 
either the standard weirs have been reduced equivalent Bazin 

pit readings before being used the diagram. 

may said, therefore, that the quantities water herein given 
being measured the Cornell Hydraulic Laboratory have been 
determined using Bazin’s standard. The heads 
this weir were measured just Bazin measured them, and the 
quantities were computed from the heads thus read using Bazin’s 
formula (page 1242). 


Engineering News, Vol. 41, March 24, 1899. Transactions, Am. Soc. E., 

‘Am. Soc. C. E., p. 129. “Accuracy of Stream Measurements,” by E. C. Murphy, 
Am. Soc. C, E., for .U. S. Geological Survey, p. 60. ‘Weir Experiments, 
Céefficients, and ter ay by Robert E. Horton, M. Am. Soc. C. E., Water Supply 
Paper No. 150, Geological Survey, 86. 
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leakage: were made order determine 
the amount correction. using saw-dust stop the 
small openings around the gates the lower end the canal, the 
leakage was kept small. 


Some the models which performed 
over the upper standard weir (height 11.25 ft.) and others were 
over the lower standard (height 6.65 When model 
was built over one the water used during the experi- 
ments was measured over the other. After opening the 
the head desired, and waiting from min. for ‘conditions 
settle, readings the various devices for measuring the head the 
model and the standard weir were begun, and these were continued 
for min. The means the readings taken 
run were used determine the head for that experiment. The 
readings for all the devices from which the mean readings were derived 
were taken during the same time. 

The differences between these mean readings and the zeros the 
instruments used were the head required (page 1261). 

While the experiment run ‘in progress, independent check 
readings were taken ‘all devices. 


A.—Location. 


city reserve, the eastern part Salt Lake City,.just north the 
University campus. This enclosure contains the Thirteenth East 
Street Reservoir part the city. water-works Hy- 
draulie Laboratory, the University Utah, and small area sur- 
rounding them. Figs. and are general views 
and the reservoir. Fig. contains general plan and two 
sections these structures. The authorities Salt Lake City have 
very kindly permitted the University construct the canals, pipe 
lines, measuring basin, and laboratory building city’ property, and 
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allow the city to. reservoir used the 
Water Supply. 


water supply Street Reservoir comes 
from Emigration, Parley’s, and Big Cottonwood Canyons, which are 
the Wasatch Mountains, south and east Salt Lake City. 


water settling tank and valve-house east 
the reservoir closed pipes and conduits. From this valve-house the 
two leading directly west are shown part Fig. One 
18-in., vitrified pipe, the other -in. cast-iron pipe. The 18-in, 
vitrified line into the reinforced concrete “intake” box 
from which water taken the laboratory proper through 
18-in. machine-banded wood-stave pipe, 750 ft. long. The, 18-in. 
vitrified line leading from the “intake” the reservoir serves only 
overflow, its upper end some ft. higher than the upper 
end the pipe leading the This overflow pipe has 
its upper end 90° bend into which, bell-end length vitri- 
fied pipe fastened. This gives the outflow line comparatively great 
capacity for only slight increase head; thus assists 
greatly keeping constant both the heads and discharges the 
laboratory. The valves regulating the quantity water used the 
laboratory are near the lower end the supply the 
fall from the intake box the laboratory about the hydro- 
pressure available the laboratory from this about 
Ib, per sq. There available for use the laboratory, how- 
hydrostatic pressure per sq. in. When equip- 
ment for the building put place, connection will made with 
this line. 


and Measuring 


The canals and laboratory are ‘concrete 
reinforced with steel rods. The walls are vertical the inside and 
battered the outside. ‘bottoms these structures 
are practically horizontal, would much easier clean them 
the bottoms had some slope. 
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No. 

the upper end Canal No. (shown the right Fig: 
there receiving basin having three sides walls 
10.28 ft. high. .The water discharged vertically from the wood-stave 
pipe into this basin through cast-iron bend, which shown 
the cross-section the south end the laboratory building. 

From this basin the water flows through baffle (marked Fig. 
13) into Canal No. The bottom this canal ft. higher than 
that the intake basin. Its walls are 6.28 ft. high, and 
6.56 ft., wide and ft. long. This canal seen the right 
Fig. 10. 

This baffle near the upper end the canal, and timbers, 
in. wide and in. deep, which fit into vertical grooves the canal 
walls (Fig. 10). The individual timbers are in. wide the up- 
stream side, in. wide the down-stream side, and in, thick hori- 
zontally. One these timbers can seen above the water Fig. 10. 
The space between these timbers in. wide the up-stream side, 
in. wide the down-stream side, and in. across horizontal 
direction, the same the timbers. These timbers are fairly well 
shown Fig. 11, which view the baffle the upper end the 
measuring basin. These three baffles are similarly constructed, and 
their locations are marked Fig. The theory which these 
are built that both the “head” and the velocity the water 
passing through these spaces, rather “sudden enlargements,” will 


greatly decreased. 
No. 


From Canal No. water can flow into Canal No. two ways— 
either over the weir the lower end the former channel through 
the 12-in. by-pass valve just outside the canal near its lower end. From 
the bottom Canal No. the bottom Canal No. there 
vertical drop ft. This canal, like the former, m., 6.56 
wide and ft. long. Its walls are 8.28 ft. high. The similar 
that just described. The upper timber the baffle, and the whole 
this canal, with the weir and by-pass valve its end, are 
shown clearly Fig. 10, 


No. 


From Canal No. water can flow into Canal No. same 
two ways those just described, namely, over the weir and through 
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the by-pass: valve (Fig. straight portion this canal 
ft. long, the walls ft. high, and its width ft. 
Its bottom the same elevation that the one above it. In- 
stead using valve for by-pass from this canal, hole, semi- 
the bottom, through the wooden bulkhead the bottom the 
eanal. piece lumber covered with rubber packing gasket 
serves keep water through this opening. 


(4).—The Measuring Basin.—Method Determining Capacity. 


measuring basin this laboratory 150 ft. long, ft. wide, 
ft., gal.. The shown just above the coping 
the reservoir wall Fig. The the basin can seen 
Fig. 8,.also the bulkhead 12-in. timbers its lower end, 
with the stem the 12-in. by-pass valve just above and the right 
The top the baffle the upper end shown 
only slightly seen clearly, however, the lower por- 
good view the west wall the basin with. its 
shown also Fig, The wasteway the lower end 
the with water flowing over it, shown at. the left Fig. 

the, upper end the basin cast-iron waste-gate, ft. 
wide and ft. in. long, which rotates hinges its upper edge. 
When closed, the plane of. this makes angle 30° with the 
vertical; when open, practically gate opened 
with end which attached the gate and the other 
round 2-in; operated with lever and 

The water.from gate and the diverting ap- 
paratus flows into the reservoir through the concrete channel 
shown Figs. and 12. 

careful measurements, the areas horizontal cross-sections 
this basin, apart; have been The lengths widths 
these sections were using two plumb-bobs. For example, 
find the length particular section, the two plumb-bobs were 
hung near the ends the section plane parallel the sides 
the channel. The distance required that between the 
plus the two distances from their respective 
distance between the strings was measured and conveniently 


} 
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with steel tape, and that from the string, any desired 
point, with rule graduated hundredths foot. 


shown Fig. 12, the device for ‘diverting the water and 
over the edge the measuring basin car, sloping channel, 
wheels. With the car the position shown, the water into 
the measuring basin. cat pushed the right 
vertical ends and those the walls the canal were contact, the 
water would flow along the bottom the car and discharged out- 
side the wall the measuring basin and into the waste- 
way shown the figure. The plan and cross-section this portion 
the laboratory (Fig. also show how this device The 
inside this car, horizontal projection, measures ft. the 
the slope and ft: right angles it, the bottom 
has slope ft. in. The wheels run rails. ‘The channel 
lined with galvanized the east end car 
(Fig. 12) there framework the vertical members are 
channel itons which wooden gate slides. gate ¢an lowered 
suddenly with the trip shown the figure. gate lowered 
this way, when comparatively large stream water being wasted, 
the force the water assists materially pushing’ the the 
allow flow into the measuring basin. For 
small streams, the sharp and cutting edge the galvanized- 
iron lining the bottom the car, seen clearly figure, 
passed easily and quickly through the flowing 
observed accurately, and therefore the time beginning and closing 


(6).—Weirs. 


the lower ends the canals there are weirs with sharp 
The edge this vertical leg and placed accu- 
rately horizontal position. 

the weir 3.72 ft. above the bottom 
the channel approach; that height the same that-of 


‘ 
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Bazin’s standard weir. the weir Canal No. 
6.65 ft., the same that the lower standard weir the Hydraulic 
Laboratory Cornell University; the height Weir No. 1.64 ft. 
The nominal lengths all these weirs m., 6.56 ft. 

Weir No. for all the experiments made and contained 
herein, had its length cut down from 6.56 ft, 1.77 get 
higher head with the water One side the channel 
approach for this short weir was composed framework 2-in. 
plank which extended ft. stood same ele- 
vation both this partition. bulkhead constructed 
the vertical plane the weir water-tight. 


for Stilling Water. 


Above Weirs Nos. and pits have been built each side 
and touching the outside the These have been patterned 
after those used Bazin. 

Above each these two weirs there are four pits, shown Fig. 13; 
two are ft., and two are ft. in., stream from the crest. These 
pits have the same depth the canal which they are attached. The 
water admitted them through 4-in. pipe having its ends cut 
off flush with the side the channel. These pits have equal horizontal 


Heads. 


Although the actual heads these weirs could measured most 
accurately, perhaps, the stilling pits just described, they have not 
been measured this way because, under usual conditions practice, 
this cannot done. the reading heads with tape and plummet 
been adopted the Hydraulic Laboratory the University 

For measuring heads Weirs Nos. each tape ft. 
stream from the For Weir No. the tape ft: 
from the The zero readings these tapes were deter- 
mined the manner described page 1261. 

The depths water basin the beginning and 
end run are measured two tapes simultaneously, one near the 
south and the other near the north end the measuring basin. 
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Quantity flow, cubic feet per foot length 
‘of weir; 

Quantity flow, feet per second per foot length 
weir, actually measured; 

Quantity flow, cubic feet per second per foot length 
weir, computed the trial formula, log. 

Quantity flow, cubic feet per second per length 
weir, the Bazin formula; 

Head, feet; the weir, the vertical distanee between 
the plane containing the surface the water the 
channel approach and the horizontal plane contain- 
ing the crest the weir; 

Ht. Height Height, feet, the crest the weir ghove 
the bottom the channel 

“15-Ft. Tape Head” means that the head the weir was meas- 
ured with tape and plummet ft. stream from the 
crest the weir; 
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it. 

Dr. Schoder, present Engineer Charge the Hydraulic 
Laboratory Cornell University, Mr. Rodhouse, scholar 
Civil Engineering, Mr. Albin Beyer, Olaude Berry, and 
Charles Wyckoff, Associate Members, Am. Soc. E., and Mr. 
Turner, instructors and graduate students doing experimental 
work in, Cornell University during the years 1902-04, the 
writer indebted for assistance performing the experiments, and 
making computations the original data. 

For assistance conducting thé experiments the Hydraulic 
Laboratory the University Utah and making the final com- 
putations, the writer indebted Mr. Frank Becraft, and for 
the excellent work drafting the plates indebted 
Mr. Hugh Lewis, University The writer must also men- 
tion the fact that valuable suggestions and assistance have been re- 
ceived from Messrs. Thomas McDonald, Richards, Ross 
Wilson, Jr., and Junius all graduates the State School 
Mines, University Utah, and former students 
the classes conducted writer. 

Finally, the writer should mention the excellent work Mr. 
Clinton Cass, the Mechanician the Hydraulic Laboratory 
Cornell University, who constructed the models, also Messrs. Charles 
Forsberg, Master Mechanic, and John Carlson, Head Carpenter, 
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analyses all the data and preparing this paper the author has 
performed monumental task which, doubt, will receive the cor- 
dial appreciation all hydraulic engineers. 

The author states that “the calculating the discharge 
over weir should the simplest that can found; other words, 
give the most accurate results with the smallest amount 
work”, and advocates the sharp-crested weir without end con- 
tractions most nearly fulfilling these requirements. The writer 
agrees with the statement far the accuracy the results 
concerned, provided the height the weir crest properly determined 
each time measurement made the approach channel kept 
free silt; but either these requirements necessitates consider- 
able care and effort, that the author’s statement open serious 
question. The writer has mind irrigation project, typical 
many, which the use the sharp-crested weir without end con- 
tractions would practically impossible account the large quan- 
tities silt carried certain seasons the year, which would necessi- 
tate either cleaning out the approach channel frequent intervals 
determining the height the crest each measurement. 
alternative impracticable, any one knows who familiar with 
irrigation projects having from 1000 2000 more measuring 
weirs. This example selected because the author evidently had 
mind the use the weir which advocates for the 
irrigation water, for says: “the sharp-crested weir without end con- 
tractions certainly used best advantage all irrigation 
projects”. 

For this purpose the Cippoletti weir offers simple, convenient, 
and accurate method, and used probably more than any other type. 
The construction the Cippoletti weir fully simple the sup- 
pressed weir, not more so, notwithstanding the author’s statements 
this regard. most cases pool sufficient size can excavated 
above the weir avoid any but negligible velocities approach, and 
one two good cleanings the pool during season will generally 
suffice. For this weir, tables diagrams can prepared which will 
give glance the discharge for any measured head, or, fre- 
quently necessary, the head can read which will give any required 
discharge. Fig. represents such diagram for Cippoletti weirs, 
and Fig. 47* for contracted and suppressed weirs with vertical 
sides (Francis’ formula). The importance simplicity this regard 
cannot exaggerated, account practical considerations. The 


* Francis formula for contracted rectangular weirs, Q = 3.33 Hi (L — 0.2 H), may be 
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measurements and care required for the accurate use the author’s 
vitiate large extent their practicability, although they 
should exceedingly useful for the more works. 

For contracted weirs, the discharge given the diagram, Fig. 47, 
may error more, the head greater than one-third 
the length the The discharge over suppressed weirs given 
directly the upper and lower scales. obtain the corresponding 
discharge over contracted weir, subtract the value read from the curve 
marked Value 0.666 using the upper lower scale, indicated. 

may insisted that the use the Cippoletti weir obtains sim- 
plicity too great sacrifice accuracy. regard this, there 
considerable evidence recorded experiments that both Cippoletti 
and fully contracted weirs give results within error from 
when the head not greater than one-third the crest length, 
which condition can readily obtained. the two, the Cippoletti 
weir gives the more accurate results. The quantities these experi- 
ments were measured volumetrically, thus avoiding any possible error 
due the use calibrated measuring device for determining them, 
such the “standard weir” used the Cornell experiments, which 
the author says “the results gives can accepted accurate 
within per cent.” 

the writer’s opinion, there better practical device, present 


available, than the Cippoletti weir for measuring the quantities en- 
countered the majority irrigation laterals. 

The author says: 

“For finding the discharge over weir, the diagram has two ad- 
vantages over the formula: First, gives results without computation; 


secondly, results obtained the diagram not appear contain 
accuracy which not warranted.” 


This true, not only for weir discharges, but also for most other 
hydraulic computations involving the use more less complicated 
formulas. 

Concerning the question discharge over broad-crested weirs, the 
writer would like obtain some additional light. What said 
the following not offered spirit criticism, but the writer has 
had occasion use the results the Cornell experiments for calcu- 
lating discharges over broad-crested weirs, and has found that the 
results deduced therefrom different persons not always agree; 
fact, the disagreement great certain cases that explanation 
seems required. Three sets results from these experiments 
have now been published: Mr. Lyman, Gardner Williams, 


American Civil Engineers’ Pocket 869, and elsewhere. 


Water Supply Paper, No. 200 (revision Water Supply Paper, No. 150) the 
Geological Survey. 
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The writer has selected random several types the broad- 
crested weir which experiments were made, and has set down the 
comparative figures given the three investigators for the discharge 
for corresponding heads. The results are shown Table 68. The 
figures represent the factors which the results computed from Bazin’s 
formula for sharp-crested weirs without end contractions must 
multiplied order obtain the discharge over the particular broad- 
crested weir; these figures are given directly Messrs. Williams and 
Horton. obtain the corresponding figures from the author’s dia- 
grams, the writer read the discharges from the diagrams (Plates 
and XXVI), and divided these the corresponding figures, cal- 
culated Bazin’s formula. 

Model the author’s Model XXIII the figures 
Table show substantial agreement, although, for head 0.5 ft., 
Messrs. Horton and Williams disagree about and Mr. Lyman 
practically agrees with Mr. Williams. For head 3.5 ft. two 
agree, the maximum difference being between Messrs. Horton and 
Lyman and amounting about per cent. 

Model Model XXX there close agreement between 
Messrs. Williams and Lyman, but, for head ft., Mr. Horton differs 


from both about 6%, the differences being less for heads smaller 
than ft. 


Must OrDER OBTAIN THE DISCHARGE OVER 


Heap on Wertr, IN FEeEt. 


Author. 


Mr. 

‘ 0.5 | 1.0 | 1.5 | 2.0 | 2.5 | 8.0 | 3.5 | 4.0 
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Model greatest variation found Model XLVI, 
having flat-top crest ft. wide, where the difference between 
Messrs. Williams and Horton for 4-ft. head amounts about 13%, 
the differences decreasing the head decreases. Messrs. Horton and 
Lyman agree much better, but they also show quite large differences. 

Models. and Models and 
having flat-top crest with width 16.29 ft., all three investigators 
are substantial agreement, the differences for any head being very 
small, 

‘Model XLI.—For the narrow crests the disagreements 
come very large. Model XLI, with width 1.65 ft., the maximum 
disagreement between Messrs. Williams and Horton for head 
ft., the difference being about 8%,. and the disagreement between 
Messrs. Williams and Lyman for head 3.5 ft. nearly large. 

differences the interpretations the experiments running 
high are justifiable, the writer wishes ask what degree 
accuracy may expected practice calculating the discharge 
over broad-crested weir, designing weir produce given 
discharge? doubt others who have occasion use these results 
would glad have information this and hoped that 
the author will able explain the discrepancies above noted 
that the results these experiments may used with greater 
degree confidence than now seems warranted. 


Mr. 
Moritz. 


Hazen, Am. E.. (by Society in- mr. 


debted Mr. Lyman for extremely interesting and ingenious com- 
parison the most important weir measurements made various 
experimenters the present time. showing the 
percentage variation all the different experiments, gives more 
concise view the whole subject than obtained elsewhere. 
Plate XXI, showing the discharge over weirs, most ingenious, 
and may accepted authoritative compilation the 
ing data. The methods plotting. which small differences are 
good things the paper. 

Notwithstanding the use exponential formulas and the author’s 
statements regard them, the. writer believes that there are still 
advantages the use formula which can solved with or- 
dinary Mannheim slide-rule, where the conditions permit reasonable 
accuracy obtained. the case weirs, this can done, 
because the discharge over weirs follows more less closely the 1.5 
power the head, and the 1.5 power can obtained rapidly and 
accurately with the slide-rule. 

There one fundamental proposition weirs that the 
writer has used for years and believes correct, which does not 


Hazen. 


enter into the analysis the data used the author. This is: that 
two weirs different size but the same relative proportion all 
their parts, that say, with the same ratio between the height 
the weir, the depth water over the weir, and the distance back from 
the weir that the head and with crests (if not standard 
sharp-edged crests) the same proportionate dimensions, will always 
give discharges proportion the 1.5 power the heads. other 
words, such similar weirs. different sizes will have the same value 
only evidence substantial divergence experimental ‘results from 
this relation the case few experiments with very low heads. 
may that the water these cases disturbing 
element and accounts for these divergencies. know, from data 
the flow water pipes, that the viscosity water has only 
reckoned with low velocities, and disappears rapidly and completely 
the velocities are increased. these divergencies with low 
are really due the viscosity, appreciable effect from 
anticipated the higher for which calculations are most fre- 


The fraction, 


the Bazin formula, and the 


arbitrary addition 0.007, the Fteley and Stearns formula, are 
the practical indications these divergencies low heads. Except 
for this feature, both the Bazin and the Fteley and Stearns formulas 
are based the above stated proposition applied standard weir. 

the proposition accepted that weirs which, all respects, are 
proportional each other will have the same coefficients, then the 
distance back from the weir which the head measured should 
also proportion the height the weir. Using arbitrary 
distance ft. seems illogical; and for very small weirs most 
Following Fteley and Stearns’ statement, the minimum 
distance for such measurement taken 2.5 times the height 
the weir. both convenience and accuracy will favored 
short distance permissible, the writer suggests that would 
better measure the head all cases distance back from 
the weir equal 2.5 times the height the weir. 

Francis, deducing formula from his experiments, used arbi- 
trary method allowing for the velocity approach, which stated 
was probably below the truth. the velocities allowed for 
his experiments were always low, the influence this error the 
formula which deduced was not great. Afterward, Fteley and 
Stearns proposed method allowing for the velocity approach 
which was based their own carefully made experiments this par- 
ticular point. They pointed out that, the Francis results were recom- 
puted with the allowance which their experiments indicated proper, 


Mr. 
Hazen. 


1289 


WEIR MEASUREMENT STREAM FLOW 


DISCUSSION 


the results obtained were practically identical with their own. 
other words, the experimental results Francis and Fteley and 
Stearns were completely accord. 

The Bazin formula differs from these two making much greater 
allowance for the deviations low heads, and providing more 
convenient means for taking into account the velocity approach. 
The allowance for deviations low heads much greater than 
indicated Fteley and Stearns’ experiments, the latter seeming 
have been more exhaustive this point than were those Bazin. 
Between these two formulas, that Fteley and Stearns would seem 
deserve preference for general use, were not for the 
and inconvenient method allowing for the velocity approach. 

The deviations low heads can better considered separate 
matter. Considering the relative ease with which experiments 
determine the discharge low heads can carried out, surpris- 
ing how little exact knowledge exists these quantities, and the 
influence them the temperature and the character and exact 
shape the lip. 

may that the desire produce formula which would 
for the results low heads well high ones has led greater 
complexity than really necessary formula used only for 
higher heads. see would not possible find one 
more simple form, which would account for the num- 
ber formulas were tried writer. The general form, 


Fteley and Stearns’ experiments, the approximate value was found 

h 


determined. The values the formula, order account 
for the various experiments Francis, and Fteley and Stearns, 
with weirs without end contractions and with heads more than 
0.3 ft., were found approximate slide-rule calculations, and these 
results are shown Fig. 48. 

the experimental results Fteley and used show 
the effect different heights weir, the absolute quantities are not 
given. each these cases the first experiment, that is, the one 
with the highest weir, was used compute the quantity water 
for all the experiments that series, and from this quantity the values 
for the remaining experiments that series were computed. 

Fig. have also been plotted some values corresponding 
the exact solutions the Fteley and Stearns and Bazin formulas, 
for conditions which are indicated. There also drawn straight 
line corresponding the value which best represents all the 
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experimental data, and also lines showing errors variations 
quantity discharge from the line drawn. This method plotting 
somewhat similar that used Mr. Lyman, whom acknowledg- 
ment made. 


seen from all this that the formula, (3.27 0.5 


accounts for all the Francis results, and nearly all the Fteley and 
Stearns results where the head exceeded ft., within 1%, and 
seems serve quite well this particular any formula that 
has been proposed. 

The Bazin formula indicates much wider divergence between 
the coefficients with high heads and low heads, and this respect 
not supported the Fteley and Stearns experiments, 

This simplified formula, which produces results that differ but 
slightly from those obtained the Fteley and Stearns formula when 
velocity approach allowed for, has the great advantage over 
that can easily solved slide-rule, automatically allows for 
the velocity approach, and accounts for all the experimental results 
with heads greater than 0.3 ft. well the original formula. 
compared with diagram like Mr. Lyman’s, has the advantage 
allowing results all needful accuracy taken off for inter- 
mediate values and for which interpolation even good 
diagram that the author may sometimes lead greater errors 
than are desirable. 


tunate that man qualified discuss the measurement flowing 
water has undertaken study this subject. Mr. Lyman has brought 
together the available material relating the actual measurement 
water flowing over weirs various kinds, and the diagrams and for- 
mulas has presented must very helpful the Engineering Pro- 
fession. 

His investigations have led him the rectangular weir 
without end contractions, and advises legislation which will make 
this form weir standard. This would seem advisable, assuming 
that weirs can used wherever flowing water measured. The 
streams Utah and the rivers and many the ditches and canals 
the West have sufficient fall make weirs generally feasible. 
many places, however, the fall insufficient, and there, the measuring 
flume, which rated actual gaugings, must used. 
Those who have used weirs extensively know how difficult main- 
tain them that they furnish uniformly correct results all times. 
might possible, some cases, place the weir channel run- 
ning parallel the canal natural stream and have gates which 
would enable those charge divert the water over the weir only 
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when measurements were being made. This would avoid some the 
troubles that arise. Under these conditions, the structure 
which the weir placed can inspected, and those charge can 
ascertain whether not water may pass around under it. They 
can clean the channel prior the beginning any test, thus main- 
taining constant height the crest the weir above the bed 
the waterway. The natural channel stream from the weir will not 
changed greatly erosion, water runs through only in- 
tervals. would seem that, establishing legal measuring device, 
precautions should taken that such device may have general ap- 
plication and that, wherever used, engineers would have 
general confidence the results obtained. 

Plate XXI, and those following, relating the discharge 
various kinds weirs when the head and the height the crest are 
known, are the most satisfactory diagrams the kind thus far pub- 
lished. 

Plates and together with the text 
ing them, deserve special mention. The text, even with the examples 
given, does not show the basic theory the method used. possible 
that Mr. Lyman feels that the underlying theory elementary that 
discussion thereof not advisable. such assumption, 
however, his numerical examples and matter might 
have been eliminated. 

takes for his general equation, mh", which, when reduced 
when plotted rectangular axes, represents straight line, 
mentions. measurements have been made practice, which 
establish points referred these axes log. and log. 
Approximate values and are known, that possible 
substitute these values the foregoing equation, and this Mr. Lyman 
the “trial” formula. When the actual measurements are con- 
sidered, found that, for any value log. the between 
the measured and computed values log. very small. order 
show the discrepancies, the values plotted for log. must shown 
very large scale. This almost impossible. addition, the 
lines lie close the axis log. that the intersections with that 
axis are hard locate. Mr. Lyman says: “Hence, the differences 
the values log. cannot shown with sufficient accuracy 
drawing reasonable size when rectangular axes are used.” This 
accurate statement the situation, except that there ap- 
parent reason for using axes which are not rectangular, and would 
seem one who has not given extended study the problem that Mr. 
Lyman continues use rectangular axes. 
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Referring Fig. 49, the equation has been 
the rectangular axes, log. and log. The equation takes the form 


log. 


The scale which the values log. and log. are plotted, may 
fixed suit the problem under consideration. Fig. 49, 
represents the line established the formula. imprac- 
ticable plot values log. the fourth decimal place, measuring 
from the axis log. this were feasible, the values, and 
would shown the same scale and for any values, k’, ete., for 
log. and ete., for log. the location the line showing the 
relation log. and log. measured, could established. In- 
stead, subtract the values log. measured from those com- 
puted for various values log. This gives s’, ete. These are 


log. Q=b 
or axis at ° G 


---- 


vi 
A 


/ 
/ 


H 


av 


Fig. 49. 


shown Fig. 49, and they might laid off from the line representing 
the “trial” formula before, were not for the objections stated. 
Instead laying off these differences from that line, will lay them 
off from the line log. shown the diagram. This locates 
the line, This line actually located drawing straight line 
such way approximate number the points established 
the measurements. Two points, however, fix the line, and 
always possible select two points the line after drawn, re- 
gardless how many measurements may represent. The equation 
the line, is: 

when referred the same rectangular axes. 


h* B 
k | Axis of 
log. Q 
‘ 
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The equation desired represents the line, CD. the 
diagram, will seen that this line passes through the points, the 


co-ordinates which are log. 


line through these two points 

Now, examining Equations and find that the tan- 
gent the angle between the line represented Equation III and the 
axis log. the sum the tangents the other two lines, and 
that both Equations and III the intercepts the axis log. 
are the same. Therefore, find the equation the line representing 
the measurements, CD, first obtain Equation representing the 
line, HF. Add the tangents shown the equation for the line, AB, 
and the line, EF, and have the tangent Equation III. 
preserve the intercept shown Equation for Equation 

Regardless how small the differences may between computed 
and observed quantities, such differences may laid off shown 
such scale will enable them read any desired number 
decimal places. The line lines thus established enable write 
the equation the desired line once. possible that, plotting 
the points established observation, they may found assume, 
approximately, curve. The lines, such may then drawn 
tangents this curve, and when the corresponding equation line, 
CD, found, the latter line tangent new curve the corre- 
sponding value log. 

Mr. Lyman’s method will found useful plotting observations 
many kinds engineering work. has enabled him present 
weir formulas covering wide range experiment. His equations and 
diagrams doubtless will furnish the hydraulic engineer with better 
tools than have hitherto been provided. 


heartily agrees with Mr. Lyman—and believes that every Western 
engineer will—that legalized standard device and regulations 
govern the measurement water flowing streams are very much 
needed, and that such device and regulations should the simplest 
possible form and construction consistent with correct and practical 
results. would also further, and say that the device and regula- 
tions should designated Federal statute, order avoid possible 
complications owing different State localities the same stream. 

this comment may serve add any way toward the ac- 
complishment Professor Lyman’s aims, set forth his paper, 
will have answered the purpose for which written. 
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to-day irrigated West careful attention accurate 
methods measuring the flow streams and the proper distribution 
this Through the continual development larger areas under 
irrigation, water has become becoming much more valuable 
than the land covers. Water users are longer satisfied with the 
loose methods division which were put.into practice during the early 
years irrigation development. Each season brings new demands for 
accurate system measurement and distribution. For this reason 
high time for the Engineering Profession perfect some accurate, 
economical, and the same.time simple, device meet this demand. 

The weir its various forms has been accepted the device best 
suited the needs the irrigator. Before adopting standard, 
however, would seem advisable make more careful study. 
use, under actual field conditions, than has ever been made. Most 
the observations thus far have been conducted under conditions quite 
foreign those which are met the operation canal system. The 
early experimenters used, the main, larger streams than the ordinary 
irrigation stream requiring measurements, and the recent experiments 
were conducted under laboratory conditions which are seldom applicable 
the ordinary irrigation stream. 

The work being done the new laboratory Fort Collins, Colo., 
under the immediate direction Mr. Cone, the Division 
Irrigation Investigations, Department Agriculture, will 
without question throw great deal new light the matter water 
measurement, and doubt the most important work kind 
going to-day. This laboratory equipped make measurements 
under practical conditions, and the results there obtained will 
untold value the irrigators the West, and the irrigation 
engineer. 

The sharp-crested rectangular weir without end contractions, recom- 
mended the paper, without doubt one the best forms, not the 
best, now use, where can put place properly. not, how- 
ever, easy erect for ordinary use the weir with end contrac- 
tions. The latter can placed directly across the channel without the 
trouble expense constructing channel approach, the only 
requisite being the enlargement the up-stream portion the stream 
bed sufficient area. practice, the weir, any other device, must 
adopted degrees. Farmers canal operators object first any 
device which expensive; therefore well give due consideration 
one which will give results approaching and the same 
time admit construction. When canal operators are educated the 
proper point, the most accurate the various devices may recom- 
mended, even expensive. 


*Asst. Irrig. Engr., Office of Experiment Stations, U.8. Dept. of Agriculture, Logan, Utah- 
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any case, the suppressed weir used, very important 
that the area the up-stream channel enlarged considerably order 
reduce the velocity above the approach the weir such extent 
that will not affect the flow. 

The point made the author that the velocity over suppressed 
weir greater than that over contracted one very important when 
applied western streams, which carry great deal sediment. 
This deposit sediment above the weir one the main factors 
prohibiting its use under irrigation conditions. 

the writer’s opinion, the discussion the various broad- 
crested weirs, applied the present needs the country, less im- 
portant than the portion devoted the sharp-crested weir, and particu- 
larly the first three plates Great credit due the author 
for his originality working out this system, and particularly for his 
clear and concise comparisons between the various experiments. 


Kina, Am. Soc. (by letter).—The weir experi- 
ments Francis, Fteley and Stearns, and Bazin have been examined 
minutely, and have been grouped and studied carefully and 
thoroughly many able hydraulicians that would hardly seem 
possible evolve anything really new from The author, how- 
ever, his method combining into working diagrams the results 
these experiments and the more recent ones the Cornell and 
University Utah Hydraulic Laboratories; has done much sim- 
plify the use this mass data. The contribution most valu- 
able one, because the new methods analysis developed, well 
the practical value the results obtained. 

Inasmuch the author did not derive 
formula discharge, was able obtain several formulas. for 
each series observations which fit very closely each value 
These exact formulas were turn used deriving the quantities 
used the diagrams. evident that the author consistent 
his methods constructing these diagrams, and they represent ac- 
curately the results obtained from the experiments. There can 
doubt that quantities can picked off the diagrams with great 
accuracy justified the results the original experiments, 
and, doubtless, they furnish the most ready and reliable means yet 
provided for solving problems the type which they apply. 

This paper, however, should considered very comprehen- 
sive study one.phase the subject weirs rather than general 
analysis. author takes the single case weir chan- 
nel rectangular cross-section which the length the weir 
equal the width the channel. This the condition under which 
many, not most, the weir experiments above referred were 
made. constructing weir for the measurement water, fre- 
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quently happens that these requirements may fulfilled. not 
true, however, that this may done all cases. many cases 
the engineer wishes measure the flow water the weir method 
canal trapezoidal section stream irregular section. 
There is, moreover, question whether will practicable 
conditions require the measurement irrigation waters 
suppressed weirs rectangular channels, the author suggests. 
These conditions should obtained when practicable, but there 
seems good reason for limiting the use the weir this 
one case. 

Occasions will continually arise when will desirable con- 
struct weirs across other than rectangular channels, and there will 
consequently continue need for accurate solution these 
problems. also appears that are not yet ready dispense with 
the weir with end contractions, and, therefore, there still need for 
means determining the discharge over such weirs. doubt- 
less true that, for maximum accuracy, with our present limited data 
and knowledge regarding the flow over weirs, the channel rectan- 
gular section and suppressed weir should used where practicable. 
This, however, due the fact that the experimental data thus 
far obtained apply more particularly weirs this type, and not 
because those constructed under other conditions may not possible 
exact solution. 

order that method solution weir problems may 
general application, must provide for channel approach any 
cross-section. should also, with proper modifications, include the 
weir with end contractions. would appear, therefore, that the 
foundation the method solution must apply the weir dis- 
charging from the theoretically quiet pond. The coefficient dis- 
charge under such conditions well known very 
constant quantity within the range head covered our present 
experimental knowledge. The deviation this coeffictent from 
constant, therefore, due almost entirely effects velocity 
approach. The present weir formulas, with the exception Bazin’s, 
use this general method solution; that is, they determine the dis- 
charge from still pond and correct the observed head, include 
the discharge due velocity approach. That these 
formulas not give results sufficient accuracy unquestioned. 
The trouble, however, does not lie erroneous theory assumptions, 
but being based insufficient not partly unreliable experi- 
mental data. 

There still remains the Engineering Profession the problem 
providing satisfactory general method solution for all weir prob- 
lems. Such method solution must based largely new data, 
which should cover wider range than those existing, and 
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Mr. unquestioned accuracy. New experiments are needed give more 


King. 


Mr. 
Horton. 


definite knowledge the discharge over weirs without velocity 
approach, which will replace the assortment formulas use 
present. There even greater need complete data which will 
give clear understanding the laws governing the flow water, 
the distribution velocities the channel approach, and the 
effect these laws the discharge over present, ade- 
quate facilities for such experiments are not available, but 
hoped that means will soon provided for obtaining these 
much needed data. With them ready means should provided for 
solving all weir problems within the required limits accuracy. 

Am. Soc. (by letter) .—The writer 
regrets that has been unable find time give this paper the 
perusal undoubtedly deserves. 

Heretofore, thin-edged weir, constructed substantially accord- 
ance with the rules laid down the late James Francis, Past- 
President, Am. E., has commonly been designated “standard 
and has often been accepted the Courts correct method 
measuring water, whether not was fact. The writer 
agrees with Mr. Lyman the extent that suppressed weir 
equally good “standard”, but questions the propriety legalizing this 
any other form weir “standard”. seems the writer that 
there are now considerable number forms weirs, all sufficiently 
well calibrated serve excellent standards particular cases, 
one which the best standard for all cases. 

The hydraulics weir discharge means simple matter 
may appear neophyte. good engineer can get good results 
with good weirs various forms. The writer does not hesitate 
say that has seen “Francis Standard” weirs abused—and the re- 
sults sworn Court—in startling manner. Such abuses are 
usually coupled with the opinion, tacit least, that the weir 
denominated “standard”, consequently fool-proof, and the element 
personal equation eliminated. 

Great injury has been done writers textbooks hydraulics 
placing undue stress the merits so-called standard weirs and 
orifices, especially the latter, with other forms. Almost 
any kind round-edged orifice, with reasonable edge radius, 
subject less variation coefficient practice, and less likely 
obstructed change its form, than thin-edged orifice. The same 
true some extent for weirs. also true both that the 
round-edged form discharges more water for opening given 
size then the thin-edged form. This matter some importance, 
the orifices, measuring the supply water-wheels through 
flume bulkhead openings where water sold leased square 
inches other units. matter great importance design- 
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ing flood spillways for dams, because, with given length, the round- 


Mr. 


spillway, having larger coefficient, will discharge flood with 


less depth back-water than broad flat thin-edged weir. The 
floods the spring 1913 demonstrated pretty clearly that spillways 
dams form the best practicable method measuring the maximum 
flood discharge rivers, and for that purpose, ogee round-crested 
weir sections are the best practicable standard. 

Mr. Lyman describes various base formulas which, with 
coefficients, have been used for calculating the discharge over weirs 
various forms. the original deduction the Geological 
Survey experiments 1903*, the writer chose the theoretical formula, 
which had also been adopted base formula Francis for thin- 
edged weirs: 


The reasons were follows: 


(1) The results this form for irregular sections are directly 
comparable with the discharge thin-edged weir, when the latter 
the formula most common use. 

(2) The coefficients for many forms weirs irregular section 
are not continuous functions the head, that the full history the 
discharge under wide range heads cannot represented any 
single formula with constant 

(3) If, true many, but means all, cases, variable 
coefficient must used formulas for such weirs, then seems 
better throw all the variation into the coefficient and make the com- 


putation simple possible using the the head, 


instead causing the head vary according some other fractional 
decimal power, which would require the use logarithms, logarith- 
paper, slide-rule for practical computations. 

Judgment based experience one the best checks com- 
putations, and often valuable criterion the reliability 
experimental results, and, for this reason, the writer prefers com- 
pute experimental results the first instance some manner that 
will make such results commensurate with some established scale 
“yard-stick”, the Francis formula for weirs, the Chezy-Kutter 
formula for channels. 

the results appear reasonable, they may afterward applied 
any formula desired. Francis applied exponential formula the 
Merrimac River Dam. 


*As described Water Supply Papers Nos. 150 and 200, The table multipliers ap- 
pearing at the end of these papers was inserted after the paper left the writer's hands, and 
without his sanction. 


+The presence points cusps, etc., weir coefficient curves shown very 
late George W. Rafter, M, Am, Soc. C. E., entitled “On the Flow of Water Over Dams”, 
Transactions, Am, Soc, E., Vol. XLIV, 345. 
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The writer early recognized the value the exponential formula 
for certain forms weirs, and applied where seemed fit. Later, 
Mr. Philip Parker, using the writer’s computation the Bazin, 
Deep Waterways, and Geological Survey experiments, deduced ex- 
ponential formulas for large number weirs.* 

The writer not sympathy with the practice adopted some, 
working out table multipliers applied the’ calculated 
discharge over thin-edged weir obtain the discharge over irregu- 
lar crest-section. First, the discharge over the weir question might 
well calculated the first instance, thus deal com- 
putation, with chances for error; second, for given head and cross- 
section, the velocity approach correction varies with the discharge 
coefficient, that for two weirs, one thin-edged and the other irreg- 
ular section, with the same measured head, but with different sections 
approach, the use multipliers becomes confusing and may 
source error. 

The use either the Francis base formula the exponential for- 
mula, both with varying coefficients where necessary, seems the 
writer better practice, for cases where there abrupt change form 
nappe, when the water breaks free from flat crest and assumes 
the thin-edge weir form, the exponential form expression probably 
gives many cases the simplest and most complete history the 
discharge. 

conclusion the writer prompted remark, regretfully, re- 
gards hydraulic science, “Of the making many formulas there 
end.” 


cussion weirs particularly timely, inasmuch the necessity for 
the measurement water all water users being felt the pres- 
ent time. There are comparatively few irrigation projects the 
Southwest where the water not now delivered, nominally at. least, 
measure. 

The author has rendered valuable service collating the various 
masses experimental data the flow over suppressed weirs. There 
appears general agreement among experimenters within 3%, 
though divergence results high not infrequent. Appar- 
ently, there need another set experiments which conditions 
and methods are defined much more rigorously than any thus far 
attempted. important new set made the future, doubtless 
the author will wish amend his formulas. account the nature 
the problem, formulas can accepted the present time 
final. 


few Mr. formulas appear his recent work The Control 
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The Francis formula, sort average law, has been disintegrated 
into multitude formulas, each covering limited range condi- 
tions. This the interests accuracy, and here the author has 
succeeded very well, but the writer cannot agree with him that 
the interests simplicity. course, the general use accurately 
platted diagrams avoids the use cumbersome tables, but errors 
taking results from the diagrams can easily exceed the discrepancy 
between the author’s and the Francis formulas. 

One assumption made the outset the paper perhaps open 
question. that the discharge proportional the length 
crest. The influence the side-walls the discharge must vari- 
able, depending the material which the walls are built and the 
character the workmanship. The influence comparatively slight 
for long crests, but considerable importance the case short 
ones, such are found irrigation laterals and head-ditches. 
serious difficulty applying the author’s method the standardiza- 
tion the side-walls. much simpler standardize edge than 
wall. 

would seem unnecessary, too, place the gauge far 
stream recommended. The object being get back the “sur- 
face which depends mainly the head, more reasonable 
place the gauge distance back dependent the head under 
ordinary average conditions the stream, say, distance equal 
four times the head. 

The writer formerly used the standard rectangular weir, but aban- 
doned gradually favor the Cippoletti weir, account the 
greater ease and simplicity. installing the latter. The Cippoletti 
weir requires much less construction than suppressed weir, pool 
being formed stream place flume. one occasion the 
writer built and set weir, got satisfactory reading and 
caught train min. The Cippoletti weir discharge proportional 
the length, and table discharges simple that engineer 
not required interpret Probably the greatest error its use 
neglecting the velocity approach, and this error can minimized 
providing ample height weir, and applying the usual 
Francis correction. would possible analyze the 
Cippoletti weir manner similar the author’s, and the subse- 
quent use the “approved” tables would result the highest degree 
possible with weirs. 

Whatever the writer had regarding the accuracy the 
Cippoletti weir was set rest observing exceedingly valuable 
set experiments the hydraulic laboratory the University 
Wisconsin. These tests were performed senior students under the 
direction Mr. Davis. They indicated that: 
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The ratio, correct for the side slopes; 

3.37, correct for crests more than in. 
long; 

The error the formula will less than 1%, the head 
does not exceed 0.4 the length crest. 


The restriction sometimes placed the rectangular weir that 
the head shall not exceed one-third the length crest. 

There one idea expressed the paper which exception should 
taken. The proposition establish one type weir for universal 
use legislation debatable least. Legislators are not engineers, 
and the fewer legal restraints thrown around the Profession the better 
will for the Profession. There are laws fixing the power 
the transit telescope, the size sewer pipe, steel rail sections, 
nor are such laws wanted. The standard unit measure should 
fixed, is, but the method, never. Better methods will found 
the future, and should not debarred from use advance. There 
are several good ways measure land, measure electric current, 
and measure water. The best method for particular case depends 
the surrounding conditions. 

Utah has law establishing standard cross-sections for the roads 
the State. possible that the southern counties and the north- 
ern counties require the same road crowning and the same shape 
gutters? Arizona roads are built variously cinders, 
gravel, out-wash deposits, caliche, and sand; some roads are used 
almost wholly automobiles, others burros; some are pine 
forests, others where the rainfall averages less than in. per year; 
some withstand traffic principally, others rain and frost, others terrific 
winds. Surely standard cross-sections are applicable here. Logan 
Waller Page, Am. E., states that “individual judgment 
necessary” determine the cross-sections roads. 

Instead more standardization, perhaps more originality needed. 
Engineers sometimes follow the well-beaten track when much could 
gained taking the cut-off—a statement which worthy the 
following illustration. For several years the writer had charge 
weir mountain canyon near Tucson. The discharge the canyon 
varies from small trickle the dry months the drier years 
floods more than 1000 sec-ft. was quite essential, 
perhaps more so, determine the discharge the years minimum 
run-off that the infrequent maximum years. What was needed 
then, was adjustable length Another consideration was 
the shape the canyon; there were vertical rocks the north side, 
the foot which ran the small flows, and rising bouldery stream- 
bed from there the south side. The weir crest, ft. long, was 
designed fit the canyon. For ft. the north side was level, 
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and the remaining ft. had slope upward 15. Consequently, 
the small flows were concentrated over the short-level portion. The 
weir was built for one-third what would have cost with crest 
standard shape. The discharge formula for the weir derived 
using Francis’ formula basis, and integrating separately for the 
triangular portion. The differential equation for the latter 


and the discharge for the entire cross-section given the equation, 


The equation was tabluated and also platted curve. Generally, the 
curve was used working the nilometer records. 

There were errors, course, due neglect the velocity ap- 
proach, and, probably, submergence during extremely large floods. 
The influence the former could have been approximated, but 
was desired have any possible error the safe side. The action 
the flow was such keep the up-stream side scoured out 
depth from ft. Records were kept for years, during which 
time the nilometer box was submerged three times. The credit for 
the design the weir due Mr. Woodward, the University 
Iowa. 

The writer, while traveling the irrigated portion Italy, saw 
many different methods measuring water, among them various forms 
weirs, submerged weirs, submerged orifices, and partly submerged 
orifices. was interesting observe that, most cases, the method 
used was best fitted the conditions fall, discharge, accuracy de- 
sirable, and relative cost. 

the western part the United States likely that modifi- 
cation the Venturi water meter will come into use considerable 
extent. 


Lyman’s paper, and the discussions regarding stream measurement, are 
unusual interest, and will much practical value, especially 
the irrigated districts. 

Mr. Lyman has admirably disposed the stupendous task corre- 
lating mass data collected under wide range conditions, 
with varying viscosity the water due temperature changes and 
chemical elements held solution suspension, the slight varia- 
tions the intensity the force gravity, and the personal equations 
the observers, disturbing factors. 

The graphical comparison, portrayed clearly Plate XXII, 
actual discharges measured eminent experimenters with the 
quantities derived the use the diagrams for sharp-crested rec- 
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tangular weirs without end contractions, proves very satisfac- 
tory test the Plate 

single type weir were adopted, either the Cippoletti 
the sharp-crested rectangular weir without end contractions would 
doutbless serve best irrigation practice. 

One advantage the Cippoletti weir illustrated Robert 
Stockton, Am. Soc. E., discussing the “Management 
Irrigation portable sheet-steel Cippoletti weir, 24-in. 
crest, used the ditch rider measure the water supply the 
various small laterals. 

many irrigation districts where the slope the country 
slight, the writer has observed the need for combination measuring 
flume for current-meter gaugings and the approach suppressed 
weir. During the period high water the canal lateral taxed 
its capacity, and the obstruction required give free fall for 
such stream over weir prohibitive. During this period current- 
meter gaugings are order; and the rating curves for successive years 
need not change materially. 

With the beginning the low-water period, which, the Great 
Basin region, generally early July, the duty water often 
increased two- three-fold, and, with the reduced stream the canal, 
possible insert the weir crest the measuring flume, thus 
providing free The sediment does not interfere seriously 
after the high water has ceased; and the increased accuracy and re- 
duced labor involved the weir measurements recommend this method. 
Under these conditions rectangular weir without end contractions 
provides the maximum width crest and the minimum obstruction 
the flow the canal, and much preferred. 

the writer’s opinion, the data contained Mr. Lyman’s paper, 
and the discussions, fill long felt demand, and should wield 
strong influence the direction higher duty for irrigation water, 
which will result from its careful distribution and judicious applica- 
tion the irrigable land. 


brings the front once more the measurement water over weirs, 
and embodies the results arrived the author study most 
the data available 1905, supplemented some investigations his 
own more recent date. regretted that the hitherto un- 
published data experiments involved this paper were not pre- 
sented such concise form have warranted publication. 
physical investigation, the one thing above all others that valuable 
record the experiments and their results. Opinions, 


theories, and conclusions are likely change time goes on, but 


Engineering and Contracting, January 28th, 
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physical remain physical facts, and may valuable 100 years 
hence they are now, though the experimenter’s conclusions may 
long disearded. 

considerable part the experimental work discussed the 
paper was performed the Laboratory Cornell University 
under the writer’s direction, and much under his personal super- 
vision and with his participation, and the data have received careful 
study his hands independently the author’s work. 

Our knowledge the quantity water flowing over weirs 
rests the experiments Francis, Fteley and Stearns, and Bazin, all 
whom experimented weirs different dimensions, and read the 
measurements were made Cornell prior 1905, few 
low-head experiments wherein the the volumetric meas- 
urement, account the large area and small rise the measuring 
canal, was greater than that any the weir formulas could possibly 
have been. Since that date volumetric measurements have been made 
Cornell over weir ft. long, and the University Utah, 
described the hoped that the data the Cornell 
experiments may presented the discussion this paper, the 
determinations were probably made than 
any other series investigations reason the measuring basin 
being. tube stand-pipe ft. diameter and about ft. 
high. 

The builders the Hydraulic Laboratory Cornell made pro- 
vision for the reading heads the weirs contemplated. cut 
chambers the solid concrete the walls and the rock adjoining 
involved considerable expense, and when the first weir investigation 
was called for, that the Board Engineers Deep Water- 
ways, after some discussion, device for communicating the head 
glass tube gauges was adopted, consisting galvanized-iron 
pipe, perforated with }-in. holes every in. throughout its length, and 
placed transversely across the channel approach, with the openings 
the under side, and the pipe in. above the bottom. Three such 
pipes were set for each weir, varying distances from the base the 
respective For this device there was then the unquestioned 
precedent the similar apparatus the Holyoke testing flume, which 
had been used there for many years, and still. Before this series 
experiments was completed, however, the possibility erroneous in- 
dication head suggested itself, and, test the matter, similar pipes 
were set the floor the timber flume leading the lower weir, 
with the openings the top and just flush with the bottom the 
channel. The result was somewhat startling, for was found that, 
for heads about 4.50 ft., the original device was giving indication 
about 0.30 ft. lower than that shown the openings the bottom 
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the channel. series simultaneous observations the two de- 
vices was made, from which the former were corrected the latter, 
and was assumed that this latter device corresponded its indica- 
tion those used Francis, Fteley and Stearns, and Bazin. the 
upper weir was not easy get series openings flush with the 
bottom, that would have necessitated cutting into the concrete, 
and after some study existing data, the so-called standard tube- 
piezometer, described the author page 1263, was adopted, and 
the strength the experience Desmond FitzGerald, Past-Presi- 
dent, Am. E., with perforated pipe water main,* was as- 
sumed that the indication this device corresponded that 
orifice the bottom the side-wall similar the one used Bazin. 
With the correctness this assumption the writer was never entirely 
satisfied, but, during his connection with the Laboratory, from the 
conclusion the first series investigations, this device was used 
the upper weir all experiments and very carefully observed, all other 
devices being compared with it. During the earlier work the upper 
weir was taken the standard, and the discharge over was com- 
puted Bazin’s formula, using the indication the standard tube 
for the head. the spring 1901 the lower standard weir was 
stalled, and the head was usually read the 13-ft., three-tube- 
piezometer, described the author page 1271. The indication 
this apparatus was never considered quite reliable that the 
standard tube because greater likelihood the presence air 
the pipe connecting its gauge. The lower sharp-edged weir was 
designed nearly possible duplicate the 19-ft., Farm 
Pond weir Fteley and Stearns, being 6.65 ft. high, ft. 
higher than the Farm Pond weir, and ft. long. During extended 
series experiments the head this weir was read point ft. 
stream from the crest and just below its level, this coinciding with 
the practice both Francis and Fteley and Stearns. 

those interested the more precise measurement water, the 
data obtained from the resulting use different devices for reading 
head make the most valuable part this paper, and are embodied 
Tables and 

The first investigations, the effect the apparent dis- 
charges, different methods reading the head weirs, were made 
the late James Francis, Past-President, Am. Soe. E., and are 
presented “The Lowell These experi- 
ments are discussed Messrs. Fteley and 

The next investigation the subject reading heads, far 
the writer has discovered, was that Hiram Mills, Hon. Am. 

Transactions, Am. Soc. E., Vol. XXXV. 


Edition page 187 seq. 
Transactions, Am. Soc. E., Vol. 
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E.,* which appeared demonstrate that opening the wall 
channel, order transmit pressure corresponding the height 
the surface flowing water opposite, must flush with the side, 
and the connecting pipe must right angles thereto. 

The subject indications head, particularly applied closed 
channels, received further discussion, but without experimental evi- 
dence, the paper “Experiments Relating Hydraulics Fire 
Streams” John Freeman, Am. Soc. E.+ 

the paper “Flow Water 48-In. Pipes” Desmond 
FitzGerald, Past-President, Am. Soc. statement appears cov- 
ering the similarity indication perforated pipe laid longi- 
tudinally the bottom water main, and series circumfer- 
ential orifices communicating chamber surrounding the pipe; and 
some further investigations along similar lines are presented the 
paper “Experiments the Flow Water the Six-Foot Steel 
and Wood Pipe Line the Pioneer Electric Power Company, 
Ogden, Utah”.§ Beyond this, the effect different methods reading 
head does not appear have attracted special notice until the writer 
called attention and presented experimental data bearing thereon, 
the discussion the paper, “On the Flow Water over Dams,” 
the late George Rafter, Am. since which time 
nothing further has been presented the publications this Society, 
least applied weirs, until the paper under discussion. 

these days, particularly water-power work, where the competi- 
tion between various manufacturers leads the proposal bonuses 
and forfeits, based small variations discharge one-tenth 
1%, exact knowledge the influence every departure from the 
standard reference inestimable importance. recent test 
water-power apparatus, bonus several thousands dollars was 
apparently won, considerable part which was due the introduc- 
tion irregular methods observing the head weir, without 
consideration their influences. 

Theoretically, what desired reading the head weir 
locate the elevation the surface the water, but, with channels 
even very moderate widths, this will not the same all points 
across the stream, that the measurement even several 
tapes cross-section may not give exact indication the aver- 
age head, and would, experimental investigation wherein the 
discharge large weirs has been determined volumetrically, except 
those the University Utah, has such process been used. The 
methods transmitting the head through orifices the side-walls 


Proceedings, American Academy Arts and Sciences, Vol. VI, New Series, Bos- 
ton, 1879, 

Transactions, Am. Soc. E., Vol. 

Transactions, Am, Soc, E., Vol. XXXV. 
Transactions, Am, Soc. E., Vol. XLIV. 
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plane surfaces parallel them, adopted the leading investiga- 
liams 


tors, open the criticism that the pressure thus transmitted in- 
fluenced the velocity past the orifice extent that becomes 
decidedly appreciable high heads. If, order avoid high heads, 
long weirs are used, the question then arises the applicability 
indication transmitted through the side-wall, the establishment 
the average head across stream, say, 100 ft. wide. Bazin appar- 
ently conceived that the head should transmitted from location 
where the velocity would the lowest possible, and hence selected 
point well stream from the pressure angle and the bottom the 
side-wall. For long weirs seems necessary supplement this 
orifice openings the bottom the channel frequent 
across it, and perhaps the most satisfactory device chamber ex- 
tending across the bottom of.the channel and communicating with 
through medium-sized orifices frequent intervals. Although 
may assumed that the indication head transmitted through such 
device cannot very different, for short weirs, from that used 
Bazin, nevertheless quite certain will not exactly coincide. 

Different forms transverse variously 
perforated, are frequently used, but both devices, outside the pres- 
sure angle, are sure read lower than orifice the wall near 
Bazin’s location, account the reduction pressure due in- 
crease velocity, the location departs from the wall and bottom. 
the experiments presented the author, the standard tube, although 
intended, and originally supposed, measure head corresponding 
that indicated Bazin’s device, fails so, and actually gives 
lower one. The 11-ft., wall-piezometer coincides more nearly with 
Bazin indication, but still, all probability, too low, the 
author’s equation the Bazin reading more than higher than 
the 15-ft. tape. 

Being taken the open channel, the tape readings are far from sat- 
isfactory for fine work. low heads, with smooth water, the tendency 
the observer cut the surface too deeply, thus giving low head, 
and, for high heads and rough water, the observer invariably reads too 
high. The same applies observations with the point-gauge run- 
ning water. This accounts part for the irregularity the lines 
representing tape readings. Although, the water stilled, skilled 
observer can excellent work with tape any other form point- 
gauge, the ordinary student, dealing with the rough water encountered 
high heads, comes very far from getting ideally consistent results. 

order that the record may complete date, the writer pre- 


sents the following data comparisons different methods. reading 
heads. 
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Cornell University Hydraulic Laboratory, 1899. Upper mr. 
Standard Weir, ft. long. 


tube, double-tube gauge, described the author. 
transverse pipe, double-tube gauge. 

This was 1-in. pipe perforated the bottom with holes, 
in. apart, extending across the canal parallel the weir, in. 
above the bottom and ft. stream from the 13.13-ft., high, 
standard weir. 

Middle transverse pipe, double-tube gauge. 

This was all respects similar except that its location 

was ft. stream from the weir. 


and and and were observed simultaneously the same 
scale. Heads are from mean curves the observations. 


0.164 ft. 0.164 ft. 0.164 ft. 
0.984 0.970 0.985 
1.938 1.993 
2.460 2.410 2.489 
2.950 2.860 2.965 


these experiments appears that was probably within the 
pressure angle. 


Cornell University Hydraulic Laboratory, 1899. Lower, Sharp- 
Edged Weir, 6.56 ft. 
Flush pipe, double-tube gauge. 

This was pipe perforated top with holes, in. apart, 
and set with its top flush with the bottom the flume, paral- 
lel and ft. stream from the 5.2-ft., high, sharp-edged 
weir. 

transverse pipe, double-tube gauge. 

This was similar and ft. stream from the weir. 
Middle transverse pipe, double-tube gauge. 

This was similar and ft. stream from the weir. 
Middle flush pipe, double-tube gauge. 

This was similar and ft. stream from the weir. 


and and and and were observed simultaneously 
the same The heads for and are from mean curves, those 
for and are from direct observations. 
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Heaps. 

0.920 ft. ft. 0.744 ft. 
1.010 Nearly. 0.913 0.914 
1.061 1.050 1.088 
1.632 1.292 1.292 
1.668 1,642 1.441 1.442 
1.970 1.934 1.632 1.631 
2.566 2.480 1.810 1.810 
3.380 3.270 1.811 1.807 
3.820 3.655 2.240 2.239 
4.160 3.970 2.642 2.643 
4.080 (3.470) (3.460) 
4.820 4.560 4.277 
5.040 4.670 4.681 
5.450 5.090 
5.560 5.180 


Mr. 
Williams. 


University Hydraulic Laboratory, 1899. Lower 
Experimental Weir, ft. long. Deep Waterways Section.* 
1:1 up-stream slope tangent 3.3-ft. radius curve top; height, ft. 


Longitudinal pipe double-tube gauge. 
This was 1-in. pipe similar but laid the bottom parallel 
its axis and about ft. stream from the weir. 
=Series }-in. orifices, in. apart, throughout the length the 
crest, double-tube gauge. 
Tape, nailed the wall vertically from the crest the weir, and 
read contact water surface. 
therefore, indicates the head the weir; 
the pressure the sheet the crest; and 
the vertical depth water the crest. 


Heaps. 
0.848 ft. 0.525 ft. 0.582 ft. 
2.753 2.010 


IV.—At the Holyoke Testing Flume, 1900. Sharp-Edged Weir, 
ft. long. 


* Transactions, Am, Soc. C. E., Vol. XLIV, p. 284. 
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This was opening flush with side-wall canal, ft. 
stream from, and 0.34 ft. below, the level the crest 
weir 5.85 ft. high. 

Holyoke pipe, double-tube gauge. 

This was 1-in. brass pipe perforated its under side with 
holes every in., and set ft. above the bottom the chan- 
nel, parallel and 10.2 ft..up stream from the 5.85-ft. high 
weir. 

and were observed simultaneously the same scale. 


Mr. 
Williams. 


Heaps. 

0.392 ft. 0.392 
1.092 1.087 
1.358 1.352 
1.548 1.536 
1.721 1.710 
1.878 1.857 
1.994 1.971 
2.079 2.055 


V.—At the University Michigan, 1912. Special weir, 1.865 ft. 
long, with one end contraction 1.08 ft. side next orifices and gauge- 
reading devices. Weir, 11.46 ft. high. 

This was in. diameter, flush with ft. stream 
from, and 0.34 ft. below, the level the crest, connected 
pipe gauge chamber in. square. 

This was in. diameter, 7.32 ft. stream from the weir, with 
its center 0.4 ft. above the bottom the channel, connected 
4-in. pipe gauge chamber in. square. 

Point-gauge, its contact with the water surface observed electri- 
cally the flash lamp. 

This was situated 12-in. rectangular box 2-in. plank 
attached the side-wall above the Bazin orifice; the bottom 
the box was fully open and 0.79 ft. above the level the 
crest, and its down-stream face was 7.47 ft. stream from the 
weir. The point was located 7.82 ft. from the weir, and 0.25 
ft. from the wall side the box. 


The reading the several gauges, corresponding the crest 
the weir, was determined both wye-leveling and water levels 
from hook-gauge attached the weir crest. 

For and the crest reading the water level was 0.005 ft. 
higher than the wye-level, and for 0.011 ft. higher. This in- 
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dicates that the determination crest readings wye-leveling results 
slightly too high head being used for the discharges. Similar 
results were obtained the Holyoke testing flumes. 
The heads observed were: 
1.1551 ft. 1.1623 ft. 1.1758 ft. 


noted that, account the small size the opening 
for the water rose very slowly the gauge tank, and the low read- 
ing the second, well the relatively high reading the fourth, 
observation may partly due that cause. The comparisons 
and are believed very accurate. 

the comparisons the author’s Tables and may 
said that the lower weir those the Francis, float, and bottom 
piezometers, when more than one was used, being read the same 
observer the same scale double-tube gauge, should have been, 
and all probability were, very carefully observed, and errors one 
would the other. 

The same true comparisons the upper weir between the 
6-ft. longitudinal and 6-ft. wall, the 6-ft. longitudinal, the wall, 
the 2-ft. wall, and the crest piezometers which were observed pairs 
double-tube gauges, and the connections shifted that the 6-ft. 
wall and 6-ft. longitudinal were observed with each other, and one 
these two with all the others. 

Tape and point-gauge readings, the standard tube, Bazin hook, and 
the longitudinal piezometers the lower weir were necessarily read 
different observers, and their differences involve personal equa- 
tion well possible inaccuracies establishing the zeros crest 
readings the scale. The greatest care was taken observations 
the standard tube and the Bazin hook, and the work was very 
well done those instruments and may safely accepted. 
the tapes and the other apparatus, the writer does not feel quite 
confident. 

Table consists series coefficients apply the discharge 
broad-crested and irregular weirs height 11.25 ft. give 
the discharge weirs other heights. This table based the 
effect changing heights sharp-crested weirs. Although the data 
used the author the best have, is, nevertheless, 
remembered that the effect change height broad- 
crested weir may less than sharp edge, and hence the changes 
Table may too great. other words, seems prob- 
able that for weirs higher than 11.25 ft., the discharge 


ay 


may greater than that obtained Table and for similar weirs 
less height than 11.25 ft., the discharge may less than that 
indicated the table, both small amount. 

The evidence Plate XXII, that all sharp-edge weir experiments 
fall substantially within curve, certainly valuable. 

curves shown Plates XXV and XXVI are con- 
sidered approximate near the points where the lines deflect. There 
are conditions under: which abrupt condition arise 
the discharge weirs, but certainly nothing. sort should 
appear the standard weir the points deflection its lines 
these plates. More numerous experiments the region the 
deflections would show gradual, not sudden, change the direc- 
tion the line. 

the indication the Francis orifice the Lower 
Cornell Weir, page 1224, the author calls attention apparently 
erratic readings, and offers explanation the possibility 
oblique current. This orifice was }-in. and near the 
smooth brass in. long and set flush with the 
timber forming the side the canal. The likelihood eurrent 
causing the remote, but much more probable explana- 
tion that the zero the gauge was very close the floor, and the 
observer had lie very cramped position observe low heads. 
All readings of, the scale below head are likely low 
small amount, including the determination the zero, 
count the observer not getting his eye level with the water 
the glass. The effect this low heads would give read- 
ing ranging between 0.004 and 0.002 ft. error, which might 
either high low depending the relative care with which the 
crest reading and low-head observations were made. From Plate 
would appear low readings were. high, which means 
that the zero was. more accurate than the low-head readings. 

The author’s comparison these indications the approximate 
straight lines open some criticism, the deviation the line 
some points from the true locus may greater than that the 
observations intended harmonize. 

page 1265 attention called note the Laboratory Record, 
that tape the upper weir was below the beginning 
the surface slope, and, therefore, was reading low. statement 
correct, and all 6-ft. piezometers were similarly affected, and 
the stated, that the standard tube, ft. stream from the 
weir, was giving lower reading than these, explained 
the relatively higher velocity past its orifices than past those near 
the wall. The reduction pressure due velocity past openings was 
imperfectly, appreciated the writer until experiments closed 
pipe showed that the pressure indicated orifice surface 
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parallel axis decreased from the the center water 
was flowing. 

the writer’s the experiments Cornell, the results 
joint author,* the various discharge curves were compared with 
each other, with the side-light his knowledge the pecu- 
liarities and characteristics several observers and apparatus 
involved. attempt was made establish the actual discharge 
any case, but only establish ratio which the discharge 
similarly dimensioned sharp-edged weir should multiplied to. give 
the discharge the irregular weir. For himself, involves less 
labor and conduces accuracy take the discharge sharp- 
edged weir from reliable table and increase known percentage 
than compute the discharge novo using special coefficient. 
others prefer different methods, has objection, always bearing 
mind, however, that the base discharge the sharp-edged weir may 
somewhat doubt for cases beyond the range experiment. 

the preparation this paper the author has devoted great 
amount time and labor, fact which one more fully appreciates 
than the writer. has assembled and presented form much 
valuable information, and for this entitled the thanks 
interested the subject. 


thought and study, and the matter presented the this 


paper, have confirmed the writer’s conviction that the weir without 
end contractions ‘is the weir which, actual practice, will measure 
water the most satisfactory way. When used, the 
and tables presented this paper give results, without computation, 
accurate accord with existing experimental data. They give results, 
too, for great variety weirs, covering wide range heads, with- 
out that “troublesome correction” for velocity approach. 

Table Giving Discharges for all Weirs Without End 
Within the Limits Experimental some tables 
giving discharges are more convenient than diagrams, therefore, dis- 
charges for series definite heads are presented Table 69. Dis- 
charges for heads ‘between those given may found interpolation. 

Table Based Formulas, Giving Discharges for High Heads.—A 
table discharges, for heads higher than those for which accurate 
experimental data exist, Gardner Williams, Am. Soe. 
has been published.t The results are identical with those found the 
use Plate table for these discharges 
presented 


*‘*Hydraulic Tables”, Williams and Hazen, John Wiley & Sons, New York City. 


Blueprints (on cloth) the original diagrams, and closely ruled, 
are made for field use. 


Civil Engineers’ Pocket Book pp. 867-868. 
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These Figures were Taken from Plate XXI, and are Therefore Based 
the Experiments Made Bazin, Francis, Fteley and Stearns, 
and Also Those Made the Laboratories Cornell 
University and the University Utah. The Limits Included 
the Diagram and the Table are Fully Covered the Original 
Experiments. 
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oe in i feet 0.5 ft. | 0.75 ft. | 1.00 ft. | 1.50 ft. | 2.00 ft. | 3.00 ft. | 4.00 ft. 6.00 ft, 
57% 1.245 1.220 1 
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ee 6% 1.545 1.515 1, 1 
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0.815 
0.820 
0.825 
0.885 
10146 0.840 
0.845 
0.850 | 
0.855 
0.865 
0.870 
10% 0.875 
0.880 
10% 
10% 
11% 
12% 1. 
4.840 
18546 4.480 
14% 6.100 5.150 4.680 
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TABLE 69.—( Continued.) 
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Table Giving Discharges for Weirs with Broad 
over broad-crested weirs are given Table 70. The matter contains 
was prepared from Plate 

Suggestive Details for Weirs Recommended.—Suggestive details 
used constructing weirs without end contractions are presented 
Figs. 50, 51, and 52. recommended that the angle iron pro- 
posed for the crest have its end securely embedded the walls 
the channel; also that flush-gates, shown Figs. and 51, 
constructed that the bottoms the openings they cover will 
level with the top the floor the channel approach. these 
flush-gates are thin material, they can perhaps located the 
up-stream side the bulkhead that they will not affect materially 
the accuracy the measurements. supplied with lugs iron 
loops, they may pulled and pushed down pleasure. 

Flush-Gates for Small Weirs.—For smaller weirs, the writer has 
used flush-gates 1-in. lumber, with sheets rubber gasket attached 
them such way that they form sort flap “check-valve”. 
The pressure the water only one side the gasket makes 
fit close against the bottom the channel and also around the three 


Weir Weir Weir Weir Weir 
16%6 
175% 
17% 
18% 
18% 
18146 
181%.6 
181546 
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sides the opening. hole cut the rubber, and the edges 
the material around this hole are fastened the down-stream side 
the gate make water-tight joint. The greater pressure 
thus brought bear the up-stream side the gate brings snugly 
against its seat, thus making possible for the gasket resist the 
water pressure. 

Quantity Water Each Weir Will Measure, and Quantity Con- 
crete Required Construct dimensions 
weirs used for measuring quantities water and also 
the number yards concrete required build these structures 
are given Table 71. 

The horizontal notch shown just below the crest the weir and 
extending down stream the end the wall constructed allow 
the air free access the under side the falling sheet. Conditions 
are often such that hole may made through the wall the 
channel just down stream from and below the crest the weir, 


Fig. 51. This feature must not overlooked when accurate 
measurements are desired. 


Lyman. 


LONGITUDINAL SECTION 
THE WEIR SHOWN FIG, 


Ais the polat where, in mauy eases, aholemay be made through / 
the wall of the channel to allow the air free acess to the under side of the 
falling Fig. 51. 


Comparison Results, Given ‘the Diagrams and those Computed 
the Francis Formula.—Mr. Moritz presents two ingenious and very 
convenient diagrams for finding the discharge over two weirs the 
Francis formula. The his diagram for suppressed weirs, 
however, small. order, therefore, compare its results with those 
given the diagrams presented this paper, quantities used 
have been computed the Francis formula. The results this com- 
parison are given Table 72. 

The figures above the heavy line are the results obtained under the 
conditions specified Mr. Francis himself, viz., that with “depth 
channel leading the weir small three times that 
the the Francis formula “agrees with experiment within 
less than one per cent.”, therefore “if the canal leading the weir 
has suitable depth, will requisite only when great precision 
required through the troublesome calculation cor- 
recting the depth the 
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Table shows even when the conditions specified Mr. 
Francis himself are satisfied (conditions all engi- 
neers attempt follow), oceur, varying from 1.3 
per cent. Plate XXII shows the degree aceuraey with 
diagrams and tables herein presented fit the great mass experimental 
data shown Plates and should noted 


' 
' 


H 


| Two Machined 


ANGLE IRON 
SUGGESTED FOR 
CREST WEIR 


Fic. 52. 


which the Francis formula based, are but. exceedingly small 
fraction the argued that these diagrams 
not give results whieh are absolutely correct, cannot denied 
that these positively that one right line formula 
the Francis form, namely, cannot made fit accurately 
these actual experimental results. 
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the preparation Table 72, the velocity approach has not 
been given consideration, for two reasons: One truly, 
Mr. Francis says, “troublesome correction”; the other that such 
corrections are rarely made practice. 

The figures below heavy line are presented show the greater 
errors given the Francis formula the “channel leading 
weir” has not suitable depth;” and would hardly exaggerating 
say that the mountainous West, where the streams carry great 
quantities sediment, the channels leading the weirs rarely, 
ever, have suitable depth.” Under these conditions, Table 
shows, discharge measurements vary from per cent. 

Some may think the figures presented are those unusual 
Table shows that the vertical distance from the crest the weir 
the bottom the channel in. more every instance, though, 
actual practice, the untrained sometimes take readings when the 
bottom the channel level with the crest. 

Table shows that the Francis formula, when applied generally 
weir measurements, gives results which are but approximations. Its 
use the application right line where nothing but curve can fit, 
and the curve that fits must flexible one. The diagrams Plate 
XXI are flexible, and they fit accurately every case within the limits 
existing experimental data. 

Why Heads Were Measured Ft. Stream.—Although the 
heads considered this paper were measured generally ft. stream 
from the crest means this comparatively great distance 
was selected and used “standard” the Hydraulic Laboratory 
Cornell University. Very high well very low heads had 
measured with this same tape, and was feared that less distance 
the surface over the crest” might affect the readings for high 
heads. The cross-section the channel approach was great, and 
the floor nearly horizontal, that the results thus obtained are 
perhaps the same readings had been taken Mr. Hazen suggests, 
distance stream 2.5 times the height the weir.” 
However, unless some limit fixes the maximum allowable head 
weir given height, perhaps would better have the heads 
measured stream from the crest distance not less than some 
multiple the maximum head allowed the weir. Had the 
Hazen suggests been applied the case the upper standard 
weir the Hydraulic Laboratory Cornell University, the “tape” 
readings would have been taken stream from the crest the weir 
distance about ft., because the weir 11.25 ft. high. 

Weirs Having Dimensions one other 
the many excellent matters presented the discussion Mr. Hazen, 
viz., “that weirs which, all respects, are proportional each other 
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Laboratory Cornell University. 


These Quantities Were Read from Plate XXIV, Which Based 


TABLE 


Head, 
in 
inches. 
0.149 0.149 0.149 0.149 0.149 0.149 
0.16 0.181 0.181 0.181 0.181 0.181 
0.17 0.197 0.197 0.197 0.197 0.197 
0.18 0.214 0.214 0.214 0.214 0.214 0.214 
0.25 0.346 0.346 
0.65 
0.70 
0.75 
1.915 
0.90 2.28 
11% 0.95 2.47 
2.86 
1.15 
1.40 5.58 4.48 
1.50 6.16 5.02 
1.60 6.76 5.58 
20% 1.70 7.40 6.18 
1,80 8.04 6.78 
2.10 10.20 10.20 8.78 
2.30 11.70 10. 10.20 
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Head, Head, Weir 
in. 
i 31%6 2, 14.15 14,15 13.85 13.10 12.55 12.10 11. 
32% 2. 15.00 15.00 14.75 18.95 13.35 12.90 12. 
pe 335, 2. 15.90 15.90 15.70 14.80 14.15 13.70 18. 
on 341% 6 2. 16.75 16.75 16.60 15.70 15.00 14.50 14. 
oo 36 3. 17.65 17.65 17.60 16.60 15,90 15.35 14. 
i 383% 38. 19.50 19.50 19.50 18.50 17.70 17.05 16. 
ay 401% 6 8. 21.5 21.5 21.5 20.5 19,60 18,90 18. 
& Be 3. 23.5 23.5 23.5 22.6 21.6 20.8 20. 
a 4558 38. 25.4 25.4 25.4 24.7 23.6 22.7 22. 
se 48 4. 27.6 27.6 27.6 26.9 25.8 24.8 4. 
eal 50% 4. 29.7 29.7 29.7 29.2 27.9 26.8 25. 
521% 6 4. 31.8 31.8 31.8 31.5 30.0 28.9 2. 
55% 6 4. 34.2 %4.2 34.2 34.0 82.4 81.1 80, 
5754 4. 36.6 36.6 36.6 36.5 34.9 83.5 82, 
i 
0. 5 | 1.0 
0.1 ) 1.0 
1.0 
0.7 5 | 1.0 ‘ 
1. 5 1.0 
2.( 0 1.0 
2.6 5 0 | 1.0 
8.¢ 5 0 | 1.5 
3.6 0 1.5 . 
4.( ) 0} 1.5 
5.4 | 0} 2.0 
7. 0} 2.0} 24, 
9. 15 0} 2.5] 
10.4 18 12 0; 8.0] 44, 
11.4 18 12 0} 8.0] 47. 
12. 18 12 0; 3.0} 48. 
14. ) 18 12 0} 8.0}. 55. 
: 15, 24 12 0; 4.0) 
17. ) 24 12 0| 4.0) 83, 
18. 24 12 4.0] 86, 
19.4 ) 24 12 4.0.) 89) ‘ 
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will have the same coefficients”, the writer wishes say that for years 
has attempted get into clear form this same idea. Now that 
this principle has been clearly stated, will attempt demonstrate 
the Hydraulic Laboratory the University Utah whether 
not correct. 


TABLE 72.—PERCENTAGE DIFFERENCE BETWEEN QUANTITIES 
DISCHARGE OVER WEIRS VARIOUS GIVEN 
PLATE XXI, AND COMPUTED THE FRANCIS FORMULA: 
3.33 

Discharge, feet per second. 


The quantities above the heavy line are within the limits for the 
formula specified Mr. Francis. 


ft. ft. ft. ft. 


| 


Head, in feet. 


The Weir Without End Contractions Gives the Most Accurate 
Moritz says the statement that the “sharp-crested weir 
without end contractions” gives “the most accurate results with the 
smallest amount work open serious question”, the 
use such weirs “would practically impossible account the 
large quantity silt certain seasons the year” the 
canals some irrigation 
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5.4% 5.1% 4.8% 4.5% 
8.1% 6.3% 5.0% 4.0% 2.8% 
9.5% 7.0% 5.7% 8.2% 1.5% 0.9% 
15.0% 10.5% 8.5% 3.9% 2.8% 1.3% 0.8% 
1.6 8.40 8.07 7.69 7.41 6.94 
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Great Velocity Approach and Little Sediment 
first the six reasons why these weirs are best, given near the begin- 
ning this paper, was that, with this structure, the velocity the 
water above the weir greatest, and therefore its capacity for carrying 
silt over the crest also greatest. The second the six reasons 
that, with this weir, the channel approach must made concrete, 
lumber, some other material, that will retain definite rectangular 
form; easy, therefore, determine whether not the channel 
clean, and must clean give good results. Another reason 
may now added: This weir best because its crest may fixed 
position permanently, and flush-gates may built under it. 
Through these gates silt may pass when measurements are not actually 
being taken. Thus maintained relatively great velocity this 
comparatively small channel approach, and the channel kept clean. 

The Diagrams and Tables Fit Great Variety Weirs and Great 
Variation Heads.—Again, previously explained, the diagrams and 
tables submitted this paper (Plate XXI and Table 69) fit, and 
fit accurately, great variety weirs this type, and for 
comparatively large range heads. The Francis diagram formula 
for suppressed weirs, based only experiments, cannot expected 
fit, nor does fit, the great variety weirs and the large range 
heads which has been and being applied. The smallest head 
used Mr. Francis was greater than 0.78 ft., and the largest less 
than 1.1 ft.; his experiments, therefore, cover difference head 
but little more than in. Moreover, all his experiments were made 
only one weir with only one height. 

Francis Formula Fits Within Francis 
experiments are shown Fig. Plate The 
tained other experiments are presented both sides this 
figure. They indicate that Francis had used higher and lower heads, 
would have discovered that one equation the form uses 
mh") can fit series experiments weirs the 
type herein considered. 

The Best Practical Measuring Device Moritz closes 
his argument favor the Cippoletti weir with these words: 


“In the opinion, there better practical device, 
present available, than the Cippoletti weir for measuring the quantities 
encountered the majority irrigation laterals.” 


The velocity the water approaching the Cippoletti weir less 
than that the water approaching the weir without end contractions. 
order give accurate results, the cross-section the channel 
approach for the former must greater than that for the latter. The 
deposit silt, therefore, will greater above the Cippoletti weir than 
above the weir without end contractions. If, then, with the Cippoletti 
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weir, explains, “one two good cleanings the pool during 
the will generally less cleaning required for 
the weir without end contractions. Still more important the 
fact conscientious water master may clean his canal 
make large pool, and water master the other sort may make 
but small none all. Table shows what change 
the cross-section. of: the “pool” channel approach has 
discharge. the case the suppressed weir, the channel 
cleaned has fixed cross-section, concrete, timber, other material, 
that will retain its definite rectangular section. 
through the bulkhead under the crest the weir, this channel can 
cleaned with the the water much more easily than can the 
“pool” of: which Mr. Moritz speaks. 

the channel above the suppressed weir has silt it, the 
discharge (by taking this fact into account) can found from the 
diagrams and tables herewith submitted. cannot done with 
the Cippoletti weir. 

The writer does not wherein the use the and diagrams 
recommended this paper requires any greater care than does the 
use the Cippoletti weir and the diagram Mr. Moritz submits. Neither 
does concede that the Cippoletti weir the simpler the two, 
the sense its being easier use; but will concede that may 
installed at.a little less cost. 

Mr. Moritz does not give reference the experiments which 
show the Cippoletti results “within error 
from when the head not greater than one-third the 
crest length.” However, the Francis formula used for 
the discharge over the Cippoletti weir, specify the 
distance each contraction from the sides and from bottom 
the course, the greater the cross-section the channel 
approach, the more nearly will conditions approach the ideal; and 
the nearer this ideal approached, the greater will the tendency 
fill the channel with silt. 

Accuracy Moritz claims that the Cippoletti weir, 
under what intimates are rather limited conditions, gives results 
“within error from 4%”; but give the quantity 
value the data which bases this assertion. does explain, 
however, that “the quantities these experiments were measured volu- 
metrically”, and intimates the same sentence that there are errors 
the tables and diagrams herein presented “due the use 
calibrated measuring device such the weir’ 
used the Cornell Experiments,” giving results which may “ac- 
cepted accurate within per cent.” 

Evidently, Mr. Moritz has gone the matter 
this paper, but did not see for the moment that per 
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Without End Contractions” 1192). -It 
for the latter weirs and for the diagrams and tables which accompany 
them that this paper greatest claim. results are based 
the twenty series experiments named the left Plate 
XXII. indicates clearly with what the 
this paper fit unparalleled array hy- 
draulic data.* 

for Weirs with Broad fur- 
nish “additional light” for which Mr. Moritz asks concerning 
runs broad-crested weirs, Fig. has been made. The 
curves shown are drawn fit the points based the original experi- 
ments. These points are represented large dots. The results reached 
Mr. are shown small crosses, and those obtained 
Mr. Hortont are represented small dots within triangles. 

Plates XXVI and fit those obtained using the original data 
shown the circles Fig. 53. This information and the original 
data which Messrs. Williams and Horton also based their results 
are given Table From the quantities given, and their signs, 
the column marked “Percentage difference”, seen that the 
results obtained using Plates XXVI and XXXI fit the original ex- 
periments almost perfectly. There are only five individual experiments 
which show difference greater than 2%, and two these would show 
still smaller differences but fact that slight errors 
were made the original computations. 

Accuracy with Which Diagrams Fit Original 
again drawn XXX and These plates show that 
the diagrams giving mean values furnish can used 
with greater confidence the results the individual runs. 
plates this paper give the same information concerning: the 
accuracy of.the other diagrams. 

Although the Suppressed Weir the Best Weir, 
Other Measuring Devices Are Necessary.—It was Mr. Johnston 
seems have understood, writer’s intention that the 
adopted legislation the only device water. The 
advocate that, legislation, weir without end 
obtain results wherever any other can 
places and under many reliance can 
placed other weir. If, Mr. Robinson says, this type weir 
were made standard by. Federal Statute, then would soon used 


Reference given the places this paper the sources from 
which these data came. 

Civil Engineers’ Pocket 869. 

Geological Survey, Water Supply Paper No. 200, pp. 190 and 192, 
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Diagram giving faetors which the 
ode results computed from 


for sharp-crested weirs without end 
order obtain the discharge over 
broad-and irregular-crested weirs. 
This information, concerning five 
models only, presented solely for 
the purpose comparing results 
the three writers named below 
LEGEND 
Original Experiments 
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universally. further actual experiment this one weir, the 
results based the data present available are not absolutely correct, 
data will obtained from which more and more accurate results can 
found. 

With this suggested standard weir, believed, gravel and silt 
can disposed of, already explained, without constructing the weir 
channel parallel the main canal, Mr. Johnston suggests. 

Basic Theory Which Diagrams Are Drawn.—As was the 
intention give the results this investigation first and the theory 
afterward, not surprising that Mr. Johnston, his discussion, 
states that the basic theory the method used not explained. 
also says, after stating that the differences used cannot shown with 
sufficient accuracy, when the rectangular axes are used, “it would 
seem one who has not given extended study the problem that 
Mr. Lyman continues use rectangular axes.” 

all the plates intended for giving discharges, may seen that 
the lines representing heads and those representing discharges are not 
right angles one another. 

The beginning the explanation the graphic method used 
the construction these diagrams page 1210, headed “E.— 
Method Determining the Proposed Formulas.” Unfortunately, 
page 1221 reference “Fig. Plate (right hand end)” 
should “Fig. Plate (right hand end)”.* Further 
explanation the theory which the construction these diagrams 
based, and particularly that portion relating the inclination 
the axes given beginning page 1252 the part entitled 
Method Constructing the Final Diagrams.” 

Although Mr. Johnston’s “basic theory” certainly ingenious, 
and intense interest from the mathematical point view, could 
perhaps not applied easily the construction the diagrams 
herein given can the method, largely graphical, which was actually 
their construction, 

The Results Fit Perfectly the Conditions Prevailing 
Irrigation Winsor states, with respect the experi- 
ments made weirs without end contractions: 

“Most the observations thus far have been conducted under con- 
ditions quite foreign those which are met the operation 
canal The early experimenters used, the main, larger 
streams than the ordinary irrigation stream requiring measurements, 
and the experiments were conducted under laboratory conditions 
which are seldom the ordinary irrigation stream.” 

The heads presented this paper were measured with “tape”, 
else have been reduced equivalent “tape readings”; heads can 
thus conveniently measured any canal. Mr. Winsor did not suggest 
simpler or-more the water the canal system 


This has been 


Lyman. 
4 
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CoMPUTED FROM FoR SHARP-CRESTED WITH- 
THE DiscHARGE Over AND WEIRS. 

Discharge, Second-Feet, Actually Measured. 
Discharge, Second-Feet, Read from Plates XXVI 
and 
Discharge, Second-Feet, for Sharp-Crested Weirs, 
puted Bazin’s Formula. 


Percentage 
of difference. 


oz 


o 


2.660 
2.352 
1.784 
1.394 
0.992 
0.752 
0.679 
0.553 


SOOM 


XLVI. 


J 

8.747 

tis 

, 
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TABLE 73.—(Continued.) 


Percentage 
of difference. 


= 


= 


XLI. 


o 


-920 
-917 


measured with any degree care, then, with the heads measured 
above, the conditions under which these experiments were made 
appear identical with those “met the operation canal 
system.” 

may wait long for many series experiments made with 
such eare that they will deserve place among those used this paper. 
will certainly much future experiments will 
warrant disregarding these, even the results they give are not 
“absolutely correct.” 

gives the list-of the experiments which Plate XXI For 
results given Plate XXI, some which ‘are presented 
Table 69, degree accuracy claimed. These experimental 
data cover the limits given both Plate and Table 69. The 


Mr. 
Lyman. : 
Head, Q 
feet. 
| 
8.841 
8.176 
2.674 
2.021 
1.601 
= 0.941 
0.670 
0.488 
0.417 
0.830 
0.210 
0.122 
d 
Sp 
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that they will give accurate results under condi- 

Additional Cost Brings Better and More Accurate Results.— 
The small additional cost “constructing channel 
instead making “the enlargement the up-stream portion the 
stream bed sufficient area” (and Mr. Winsor might well have 
added sufficient depth), will, the opinion the writer, much 
more than compensated the additional convenience, accuracy, and 
satisfaction that will result. Mr. Winsor certainly appreciates the 
value maintaining large velocity approach this mountainous 
country, does every other engineer who has had experience: where 
streams earry great quantities silt. 

Information Concerning One Particular More Needed Now 
Than Information Concerning General not clear 
why Mr. King thinks that, order general application, the 
solution the weir problem “must provide for channel.of approach 
any. cross-section.” course, conditions will arise which make 
desirable know what quantity water with given head passing 
over some irregular crest having uncertain contractions. Great care 
has been taken and much space used provide, this paper, means 
measuring the quantity water flowing over irregular weirs, and 
the results reached are satisfactory; but, when water meas- 
ured with high degree accuracy, the device used must 
built for this, purpose. 

the suppressed weir can used under practieally all conditions 
where accurate results are demanded, the writer thinks better for 
hydraulicians, who are position so, gather more informa- 
tion concerning the discharge over this weir than attempt get 
“satisfactory general method solution for all weir 
though this general information would interest and value, the 
writer regards the more scientific data having greater value. 

The Greater the Velocity Approach the Better—As water rarely 
flows over weir without velocity approach, Mr. King’s 
suggestion secure data for this condition does not appeal the 
writer great importance. fact, the greater the velocity 
approach the more ideal the weir for use where silt carried 
the water, would not better gather information concerning 
weirs with smaller heights and therefore with still greater velocities 
approach? 

The Best Standard Weir for All Cases—Taking into account the 
quantity reliability the data available, the range heights 
ered the weir experiments used herein (see list Plate 
experiments, writer must differ with Mr. Horton, and say that 
there weir “which the best standard for all cases”, and-that 


Mr. 
Lyman. 
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should considered all engineers until data are furnished that 
*will show some other weir least equal, its 
that without end contractions. 


making computation simple possible using the power 


the instead causing the head vary according some 
other fractional decimal power, which would require the use 
logarithms, logarithmic paper, slide-rule for practical 
computations,” and closes remarking “regretfully, regards hydrau- 
lie ‘Of the making many formulas there 

Although this paper presents great array formulas, these are 
used, and are intended only used; for the purpose preparing 
diagrams similar those shown Plate XXI and Table 69, 
from which, without calculation, discharges are obtained. 

Mr. Smith ‘states that cannot agree that the diagrams herein 
presented are “in the interests simplicity.” Then adds “errors 
taking results from the diagrams can easily exceed the discrepancy 
between the author’s and the Francis formulas.” The writer believes 
that Mr. Smith will change his view after examining Table 72. 
takes the results obtained ‘from Plate XXI and checks them 
Table 69, will probably surprised the smallness the “dis- 
crepancy.” 

Discharge Proportional Length Smith says, again, 
“one assumption made the outset the paper perhaps open 
question, that the discharge proportional the length 
crest.” 

attention drawn the fact that the famous hydrau- 
Bazin, made very careful experiments his two standard 
weirs, one having length m., the other having length 
Concerning the results obtained, writes: 


needful precautions were taken insure flow under exactly 
the same conditions over the the weir 
remained the same. might, however, asked whether, view 
somewhat different distribution the velocities, increase 
the effect friction against the side-walls, the results would 
strictly comparable, have failed observe any appreciable dif- 
ference between the two series.’ 


the new canals the Laboratory the University 
Utah, the writer hopes able determine whether not the 
proportional the length and also the friction 
the side-walls, where the velocity comparatively. small, factor 
that must taken into account when high degree accuracy 
desired. 


Mr. 
Lyman 
- 
| 
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Mr. Smith with others, that Cippoletti weir discharge 
proportional the length.” this were true the sense that the 
same quantity water passes over each and every unit length 
crest weir, could used for dividing device, can the 
without end contractions. reflection shows that 
water flows through the triangular areas outside the ends the 
follows, that the discharge not propor- 
tional the length. For this reason the Cippoletti weir cannot 
used accurate dividing device. 

Table 69.—The table discharges (Table 69) 
believed quite simple the table referred Smith, 

Height Crest Cippoletti Weir the 
the crest the Cippoletti weir above the bottom the channel 
approach not specified, then the statement.made Mr. Smith that 
the error, under the three conditions names, “will less than 1%” 
far from correct. 

One Weir Should Established 
tion,” Mr, Smith says, “should the “proposition estab- 
lish one type weir for universal use Every engineer 
who has been connected with power-plant work, involving, does 
and must, the efficiency hydranlic motors, has that, order 
determine satisfactory. way the quantity water used, 
wise, not positively necessary, specify how the 
measured. When, the case these days, “bonuses 
involving thousands dollars are based variations discharge 
small one-tenth 1%, stated Mr. Williams, certainly 
advisable, legislation otherwise, fix some one standard form 
get uniform results get results which are accurate. 

Mr. Smith says, “The best method for particular depends 
the surrounding conditions.” The writer holds that the best method 
for all cases that which the same quantity flowing water can 
measured again and again different trained observers, each meas- 
giving the same result.. This especially true the result 
accurate one. 

That the Utah law establishing uniform cross-sections for roads 
unwise one fact that has bearing this discussion. 

Results Inaccurate When not Based Mr. Smith 
know,.or can any one else find out, any reasonable cost, what 
degree accuracy obtained when measuring water with the special 
weir described his discussion? The channel approach, says, 
was “scoured out depth from Thus great. additional 
uncertainty was introduced into the results. 


yman, 
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Mr. Modified Venturi with Mr. Smith that 
Lyman. part the United States likely that modification 
Venturi water meter will come considerable 
Experimental data device this sort will 
Undershot Weir.—Another device, which may used with great 
satisfaction the near the “inverted weir” without: end 
eontractions, that is,.a the. bottom diaphragm across the 
contraction the top only. Through such notch 
under such sediment would readily. order make 
this. structure very valuable measuring device, only. for 
determine the relation between the quantity water 
flowing through the notch and the difference elevation between 
surface the water above and the surface the water below the 
diaphragm. 

the Weir?—Mr. Jarvis writes: 

“Tf single type weir were adopted, either the Cippoletti the 
rectangular weir without end contractions would doubt- 
less serve best irrigation practice.” 

For aceurate work, where measurements are taken over com- 
paratively long periods and under varying conditions, practically every 
good reason favor the suppressed and against the Cippoletti 
weir. 

Weir for Quick Rough case Mr. Jarvis 
good one favor the Cippoletti weir; that is, where portable de- 
vice this sort used ditch rider. When such rough and hurried 
give the accuracy desired, may wise use the 
Cippoletti weir. 

Measuring Flume and Current Jarvis draws attention 
the use the measuring flume and the current meter. 
where the slope slight, these wisely used. 

Discharge, Minimum writer grate- 
ful Mr. Jarvis for the clear statement that “the rectangular weir 
without ‘end contractions provides the maximum width and 
the minimum obstruction the flow the canal.” 

The value this paper greatly increased the keen comments 
Mr. Williams. points out errors which are introduced into weir 
work through measuring heads. also presents 
much. original matter relating differences which occur when the 
‘is measured the same weir the same time different 
persons and different ways. points out the diffi- 
culties encountered when attempt made measure heads 
carefully. 

writer could hardly better, per- 
haps, than refer the six reasons given near the beginning this 
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paper setting forth the advantages practice using weirs without 
end contractions. the language Mr. Jarvis, these weirs “pro- 
the flow the canal.” This vital matter where streams carry 
great quantities silt. 

New practical features the,paper was written are the 
use flush-gates the bulkhead which carries the permanently fixed 
crest (Figs. and 51); suggestive definite dimensions for weirs 
used for measuring certain quantities water, and the quantities 
concrete required structures recommended (Table 71); 
and table giving discharges over all sharp-crested weirs without end 
contractions within the limits experimental data (Table 69). 

The writer more strongly convinced than ever that when irriga- 
tion engineers and practical have given careful consid- 
eration the matters contained herein they will agree with him that, 
for general application, where accurate practical information wanted, 
and where any weir can used for measuring water, that without end 
contractions will answer the purpose best. 


Mr. 


Lyman. 
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STEEL STRESSES FLAT SLABS. 


The question the percentage reinforcement flat slabs 
important economically well theoretically. is, moreover, 
question respecting which there seems some misconception 
the principles which should applied. Shall the concrete and 
steel balanced perfectly possible; or, not, which shall 
made the stronger? The uninformed have usually insisted over- 
reinforcement, that the concrete would the weaker. 
possible determine the actual stresses the steel with precision, 
there doubt that slabs should designed that the steel will 
give way first. Concrete unreliable and fragile material com- 
pared with steel. Under-reinforcement, however, will make security 
depend the steel, which has known properties capable precise 
computation. When the steel begins yield, that action will cause 
the concrete fracture some extent, but the structure will exhibit 
toughness, and will not subject sudden collapse. case 
where the concrete crushed and gives way 
first, the structure danger much more sudden and unforeseen 
failure. 

That these conclusions coincide with those economic design 
appears from the following consideration the stresses steel and 


Professor Mathematics and Mecbanics, Emeritus, College Engineering, 
versity Minnesota. 
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concrete, Turneaure and Maurer’s equations for the 
equal resisting moments steel and concrete per unit width 
slab regarded beam, namely, 


which the cross-section the reinforcement per unit 
width slab, the depth the neutral axis, and the 
the steel below the center compression the 
these moments are equal, the ratio the stresses steel and con- 
crete. is, 


which the steel ratio reinforcement. Using Turneaure and 


Maurer’s tabular values case 15, and assuming 
E 


c 
that 500 lb. per sq. in., and 000 per in., the values 
in. steel and concrete, respectively, shown Table are 
found. 
TABLE 


250 


Table shows how small the percentage reinforcement should 
(less than one-half 1%) order that, case under-reinforce- 
ment, the steel should used with reasonable economy; also, case 
how great the stresses the concrete become 
order develop the strength the steel. Every consideration 
correct design, safety, and economy seems demand very low per- 
centage steel, verging under-reinforcement, rather than any 
attempt over-reinforcement, 

these adopted controlling the design flat 
slabs, the all-important and crucial question that unit stresses 
the steel. The writer hopes that the following discussions tests 


n = 15, 
= 
0.0025 0,25 50 25 000 320 
0.005 0.32 32 16 000 500 
0.010 0.42 21 10 500 762 
0.015 0.48 16 8 000 1 000 
0.020 0.525 13 6 550 1 220 
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for actual ‘stresses several large buildings, compared with com- 
puted theoretical stresses, may assist supplying satisfactory basis 
for computation and design such has not been available hitherto. 


The mushroom, flat slab floor the Northwestern Glass Company 
Building, Minneapolis, Minn., was tested Mr. MeMillan, 
May 12th 24th, 1918. The pressure for immediate the 
building the owners was such compel the completion the 
test undesirably early date after the slab, which had been frozen 
all winter, had sweated out, and had had opportunity commence 
become cured. estimated that the condition the slab the 
beginning test was perhaps such would expected the 
end period days favorable for curing. 

Appendix contains the particulars the test conducted Mr. 
MeMillan, whose results are used this discussion. The equations 
applied the computations may found the writer’s book, “The 
Theory Flat Slabs.”* 

The maximum load Panel amounted approximately 185 000 
This was placed the four quarters the panel, with open pas- 
sageways, 1.5 ft. wide, middle the panel each way, and 
with open spaces around the columns each corner arranged that 
only 181.5 sq. ft. the total panel area ft. 272 sq. ft., 
were actually covered the loading. With such arrangement the 
loading was difficult determine just what should assumed 
the equivalent uniform load. The difficulty increased the fact 
that, matter what load placed the mushroom heads, will 
have little effect increasing either stresses deflections. Con- 
sequently, attention must given principally the equivalence 
the loading not located over the heads. 

The open passageways decreased the effectiveriess the actual load- 
ing, and the open spaces over the heads increased its effectiveness 
very complicated manner when one also considers their stiffness 
relative the remainder the panel area. will evident, how- 
ever, that, the whole, the loading actually applied, was 
effective producing deflections and stresses than the total actual 


* The numbers of the equations in this paper are the same as those in ‘‘The Theory of 
Flat 
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load had been distributed uniformly over the panel. This takes into 
account the fact that the load, almost exclusively, was the more flex- 
ible portion the panel. default any exact analysis, has-been 
assumed that total panel load 200000 uniformly dis- 


LOCATION DEFLECTION POINTS 


TEST 
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tributed would cause deflections and stresses least great those 

This value will used the computations equivalent 
the actual load, although evident that, computing deflections, 
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value somewhat different from that needed computing 
stresses, might required. 
The writer has proposed the following equation 
giving the limiting unit stress the rods the side belts. the 
present case this gives, for the rods the short side belts, 
Two the observed readings, Fig. namely, those and 10, 
amounted 17000 lb. per sq. in., and probable that all the 
panels the slab had been loaded once with uniform load 
200000, all these side rods would have shown nearly quite 
the foregoing computed value f,. That this seems clear 
from the fact that these readings were taken belts adjacent 
panels which were not loaded, and that the stress under Load 
when the total load was placed nearly equally four panels instead 
two, was not much smaller than under Load The changes 
the stresses and between Load and Load lead the 
same conclusions. 


000 lb. per sq. in. 


will seen, comparing the observed stresses the short 
side belt with those the long side belt, that the latter were some- 
what less than the former. This the only kind divergence be- 
tween Equation (34) and experimental results which has come the 
writer’s attention. The divergence this case appears due 
primarily the nearness these panels the wall and their 
position relative thereto. 

Suppose slab loaded such manner that the entire load 
was placed continuous narrow strips, extending entirely across the 
middle each panel, line parallel the wall. These strips 
might regarded concentrated central loads wide beam hav- 
ing one end the wall, with depression trough between the wall 
and the first row columns parallel it, another between the first 
and second rows, ete. These depressions would much more pro- 
nounced than any crossing them perpendicularly the wall. 

The wall and Load evidently had effect this kind, which 
caused the stresses the short side belts perpendicular the wall 
exceed those the long side belts. 


ie 
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Indeed, general may described partly the at- 
tempted mechanical superposition one set parallel depressions 
and elevations another set similar corrugations right angles 
them. Such sets mutually support each other and give rise slab 

LOCATION STEEL GAUGE LINES 
SLAB 
NORTHWESTERN CO, BUILDING 


action, but any action which with and disturbs the 
this superposition needs consideration. wall support such 


interference, for completely destroys the regular sequence de- 
pressions and elevations the end one set and thus intensifies 
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those the other set. The case just discussed evidently this 
character. 

The writer has shown* that the stresses expected the diag- 
onals the center the panels are somewhat less than those the 
middle the side belts when all the panels slab are equally 
loaded. 

Equation (52) the unit stress the middle rod the diagonal 
the center the panel 

The observed value Panel was 14200 lb., which was 
larger than that Rods and each side it, required 
theory. The stress the wall panel, was larger, and amounted 
20500 which probably was due the cantilever action the 
wall being less than that exerted the usual column heads. 

Consider now the stress the belt rods near the edge the cap. 
order this necessary treat them somewhat more 
detail than has been done the writer’s book, where the entire right 
section diagonal and side belts has been regarded unaffected 
the mass the cap, which forms large boss, integral with the slab, 
and, far extends, renders the belt much less extensible and 
compressible than would without it. The edges each belt are 
far from the edge the cap permit the assumption that 
the rods the edge have the same stresses they would have were the 
cap not present; but those rods which are tangent the cap will have 
their elongations and stresses reduced thereby, and the rods beside the 
cap and intermediate between these and the edges the belts will 
have their stresses reduced proportion their proximity the cap. 

The case different, however, with rods which cross the edge 
the cap nearly perpendicularly. Although that part the length 
the rod which inside the cap has its elongation prevented the 
mass the the part outside must have its elongation correspond- 
ingly increased compensate for this loss, and, the whole, equal 
that the rods beside it. The stresses the middle rods each 
belt, consequently, are increased abnormally for this reason just they 


leave the cap. Instead attempting determine this increase 
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some intricate investigation, will simply assumed that the stress 
this point the middle rod does exceed that the outside rod 
the belt point opposite the center the cap. This must 
very nearly the fact, and the the outside point, .as 
affected the size the cap, will now considered. 
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the cap integral with the slab and may taken horizontal 
the edge the cap instead the center the column, has 
been assumed the writer’s equations, the position the points 
inflection contraflexure the rods will nearer the center the 
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DETAIL LOADING 
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NORTHWESTERN GLASS CO. BUILDING 


Shaded rectangles show relative 
loading different panels ail loads 


Load All load removed except 
7000 Ib. Panels and 
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Upper figures each panel show load 
per square foot over the whole panel area and 


lower figures over the actual loaded area, 
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span than has been assumed those equations, when account taken 
the size the cap. Equation stress equation, the posi- 
tion the points inflection the side belts determined 


and from the middle the span, because 
the belts are horizontal the middle the span and over the column 
centers. Now if, instead, the belt horizontal the middle, and 
the edge the cap, which, for convenience, assumed square, 
the points inflection will distance from the mid-span 


distances 


one-half the clear span between the caps multiplied 0.577. 


Subsequently, this will found agreement with experimental 
determinations. 


Instead Equation (43), shall have, for the limiting stress 
the side belt rods opposite the column center 


3 2 

find any other point, put place This equa- 
tion gives larger unit stresses the side belt rods the head 
than Equation (43), but will itself need reduced somewhat 
case the belt under consideration has unusual number laps 
the However, leaves the unit stresses determined Equa- 
tion (34) unchanged. The reason for these larger stresses the 
longer cantilever span due the location points inflection. 

the law the distribution stresses the rods diagonal 
belt where all the rods have unequal stress differs from that 
side belt, the writer will obtain analogous value the stress 
the rods diagonal belt. Starting with Equation (39), which 
refers the part the panel forming the column head, and trans- 
forming axes, and y’, along the diagonals, was done Equa- 
tion (47), expression will obtained which identical with 
plece Equation (49), have for this area: 


* There is a misprint in the last term of Equation (47) in the writer’s book, and a+ y e 
should be substituted for 2’ y’ . 
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the size the cap the same manner Equation (a), derived 
for side belts, and apply find the stress the edge the belt 
opposite the column center, where: 


2 1 


2 


where the clear span along the diagonal between the caps. This 
equation gives the stress the rod the edge the diagonal 
belt opposite the column center, and this assumed also give the 
value the unit stress the middle rod the belt just outside 
the circular cap. find the stress any other point, y’, the 
diagonal belt the head, substitute for 


will noticed that the central area the panel,. where 
moments are positive, the stress the diagonal rods greatest 
the middle rod, but, the column heads, where moments are negative, 
the stress greatest the rods the edge the belt. 

The value the greatest tensile stress the edge direct 
diagonal belt, found from Equations (a) (b), however, computed 
the assumption that the steel the slab practically the same 
depth the rods nearer the center the same belt. Such, however, 
not ordinarily the case. The edges the belts near the cap lie 
somewhat lower level than the remainder the belt, and, being 
nearer the neutral axis, the rods the edges, for that reason, will not 
and may not have large stresses rods somewhat nearer the center. 

the diagonal belts, points inflection and points 
equal stress lie circles with centers the center the panel, 
that the points inflection the side belts which lie lines 
perpendicular sides not coincide with the points inflec- 
tion the diagonal rods. 

this test observations were made the rods the side 
belts which any comparison can made with Equation (a), but 
several points the diagonals near the edges the caps were ob- 
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served, which may estimated Equation (b), though observa- 

tions were made the rods near the edges the diagonal belts. 
Under Load will assumed that each the four panels was 

loaded with what would equivalent uniformly distributed total 


ACTUAL SLAB THICKNESS 
NORTHWESTERN GLASS CO. BUILDING 


a 


108 


=7% 1 


T=total slab, inches 

d=depth from top steel bottom slab, inches 

Dotted lines represent depressions top slab 

13. 
load 106250 lb. Equation (b) the limiting value the 
unit stress the outer rod 
106 250 204 049 


" oe recalculation in the discussion shows that f, = 19 5 Ib., instead of 


1357 
T=8%" 
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This compared with the stresses observed Fig. most 
especially 107 and 108, around the central cap the loaded area, 
which were, respectively, 17500 and 20000 lb. Incidentally, com- 
parisons should made with observations 102 and 111, the caps 
the edge the loaded area. 

Good agreement the computed with the observed results hardly 
expected this case, because, just the concrete was about 
poured, was discovered that the radial elbow rods, some 
mistake, had not been bent quite the correct angle correspond 
with the thickness the slab, and was necessary pry the ends 
the rods upward forcibly and hold them this position blocks 
under their extremities, thus putting them under considerable initial 


yLoad 5 =1004 


/STRESS AND DEFLECTION 
CURVES 
TEST 


MINNEAPOLIS, 


Scate.1 space=200 |b. per square foot 


4 


Defi. scales, 1 space= 0,050 in. defl, 1 space =0,150 in. deft, 1 space =0.10 in. defl, 
All stress scales, space =4000 per sq. in, 
Fic. 14. 


a 
S 
3 
Dn 
= 


bending stress. The relief this bending the test load would 
influence the observations some extent, and tend make the observed 
values the slab rods larger than those computed. 111, 
Column 36, the edge the loaded area, the abnormal value 
400 lb. was reached under Load Load shows such large 
inerease over Load observed stress the slab rods the column 
heads Panel was expected practically doubling the 
loading. This fact apparently inexplicable. 

reason the disarrangement the stresses due initial bend- 
ing, mentioned, seems impossible trace the stresses 
the slab rods greater detail this test than has been done already, 
where satisfactory concordant maximum stress the slab rods has 


| 
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= 

| 

| 

| 
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Fig. 15.—SLAB REINFORCEMENT, NORTHWESTERN GLASS COMPANY BUILDING, 
MINNEAPOLIS. 


Fic. 16.—UNDER SIDE OF TEST PANELS, NORTHWESTERN GLASS COMPANY 
BUILDING, MINNEAPOLIS. 


‘ 

. 
; 

c 
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Fic. 17.—UniForM Loap oF 400 LB. PER SQ. FT. OvER Four PANELS. 
NORTHWESTERN GLASS COMPANY BUILDING. 


GLASS 
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MUSH ROOM SYSTEM 
CAR TURNER, 
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NORTHWESTERN GLASS COMPANY’S BUILDING 
MINNEAPOLIS BUILDING DEPARTMENT. 


. 


STEEL STRESSES FLAT SLABS 13638 


been reached. Consequently, comparison the computed with the 
observed deflections will now considered. Equation (71) 


Hence in. 


This agrees precisely with the value observed May 
18th under Point the center Panel Practically the same 
deflection was found the adjacent Point 17. 

Equations (61), (54), and (58), the deflection the middle 
the side belt 


The values the deflections are: 

Point 12: computed, 0.27 in., observed, 0.22 in. 

The magnitude the observed deflections the side belts less 
than those computed, for the same reason that the stresses are less, 
before stated, although clear that the observed values would 
possibly reach those computed case all the panels were loaded 
equally. This last remark confirmed considering the deflection 
under Load was nearly the same all four panels, and 
equivalent 106250 uniformly distributed, found previously. 
The computed deflections would then somewhat more than one-half 
those already computed, and may compared with the observed 
values, follows: 


Point 12: computed, 0.15 in., observed, 0.16 in. 


From which may concluded that the computed results would not 
less than those observed all the panels were equally loaded. 

seems clear that the continued increase the deflection Point 
the center Panel under Load was influenced somewhat 
the removal the loading Panel and that changes the de- 
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flections adjacent panels may looked for along the prolongation 

diagonals rather than across the sides the panels. This per- 
haps the first test mushroom slab which has been possible 
discover interaction panels. Possibly, however, this may due 
the initial stresses the radial steel previously mentioned. 

Fig. interest showing the dissymmetry the right and 
left half spans the diagonals Panels and the sup- 
porting action the wall along the entire length the side evidently 
prevented deflection some extent the half span nearest it, 
that Point was deflected less than the corresponding point the 
other half span. Panel Point was deflected less than the 
corresponding Point 16, because all the slab rods are lapped over 
Column 35, and none over 45, may seen Fig. 

Owing the irregularities loading and variations stiffness 
due the inclusion the wall panels, well accidental variations 
stiffness construction due initial bending stresses, and also 
the inequalities laps, too much expect formulas derived for 
entire uniformity loading and equality panels apply more 
closely than these comparisons show. 


The test the Deere and Webber Building, Minneapolis, 
Minn., was made October 30th November inclusive, 
1910, Mr. Lord.* The panel dimensions are ft. in. 
ft. in., the slab in. thick, and the concrete was only 
days old October 30th. All the slab rods are in. round, with 
twelve rods each side belt and fourteen each diagonal. The head 
steel consists the rectangular diamond frame with four rods ex- 
tending entirely across it, which was that time the typical form 
used the Leonard Construction Company such buildings. The 
column caps are in. diameter and the slab rods all belts are 
7.25 in. from center center, that the side belts may taken 
have width in. and the diagonals nearly in. The mean 
size the cap 0.24 

Various loads, uniformly distributed, were applied simultaneously 
eight panels, which, with the omission one corner panel, filled 


*Reported Mr. Lord paper printed Proceedings, Nat. Assoc. Cement 
Users, Philadelphia, Vol. VII, 1911. 
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out square nine panels. This gave opportunity observe stresses 
the slab rods one panel the center which was surrounded 
all sides equally loaded panels. 

This discussion will refer mostly the results observed when the 
greatest load was all the eight panels once. This load had 
mean intensity 350 per sq. ft. The area panel 3562 
sq. ft., and the total load 350 3562 124678 lb. The depth 
the embedment the various rods observed given the 
report, but, the rods belt act together, not certain that 
the embedment individual rods should used the formulas. 
has been assumed that the fair mean values are 


Applying Equation (34) compute the unit stress the slab 
rods the short side the panel Point 14, Fig. Mr. Lord’s 
paper, which the point where the greatest stress was found any 
slab rod side belt between two loaded panels, 


124 678 224 


000 per sq. in. 


The observed stress this point was 10400 lb. The unit stress ob- 
served Points 39, 40, and 14a,* the short side belts, were some- 
what less, but this satisfactory determination the greatest stress 
the middle short side belt. 
Applying Equation (34) compute the unit stress the long side 
belt Points 108 and 109, 
124 678 229 
The mean observed result was 6600 probable that this 
result, observed between two loaded panels bounded panels not 
loaded, would less than the same belt the two loaded panels 
beside it, the principle that only three successive spans 


220 Ib. per sq. in. 


continuous beam many spans loaded, the middle one will show 
less stresses and deflections than the end spans. 

This, together with the fact that the inflection lines were much 
nearer the center the panel, was probably the reason that the ob- 
served result was small. Apparently, however, there reason 


These refer Fig. Mr. Lord’s paper. 


« 
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for the greatest unit stress being less the long side the panel 
than the short side, when the belts are equal and the panels are 
nearly square. this particular the results the test seem 
inexplicable unless the two bulkheads which extend nearly across 
the slab parallel the long sides the panels, one which crosses 
the short side 14, have this effect. 

similar discrepancy was found between the observed stresses 
the long and short sides the panel other tests. certain that 
provision should made this long side for stresses least 
great those the short side. 

Applying Equation (52) the computation the unit stress 
the rods the diagonal belt the center the panel Points 
110, and 12a, gives 

124 678 229 


440 


There seems some discrepancy between the table numerical 
values and the plotted maximum stress Point 12a. any case, 
12a shows abnormally large readings compared with the others, but 
the computed value just found greater than three the observed 
values and greater than the mean all four. 

The diameter the cap being the clear span between the 
edges the caps the side belt and the least computed 
distance the points inflection along the middle the side belt 
this divided V3, 0.577 and, consequently, the 
distance between the points inflection across the column center 
which, stated Mr. Lord second paper,* precisely 
the observed position the points inflection the side belt 
this slab. 

Applying Equation (a) the computation the unit stress 


Point 205, Fig. Mr. Lord’s paper, the edge the long side belt, 
gives 


124 678 229 453 52441 
per sq. in. 
The value observed 205 was 20000 and slightly less the 


symmetrical position, 208, also situated the edge short side 


Also published Proceedings, Cement Users, VII, 1911. 
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belt. The corresponding unit stress rod tangential the edge 
the cap 206 was less, for the reason previously stated, being only 
400 Ib. 206, and 12300 209. 

Applying Equation (b) the computation the limiting unit 
stress the rods the edge the diagonal belt opposite the column 
center gives 
124 678 229 111 642 


All the observed stresses were somewhat less than 16800 both 
202, the outside rod, and 204, the rod tangent the cap, and 
300, 203, the rod lying between them. The outside rod, for the 
reason already stated, did not show quite the computed stress, but 
the observed stress the center rod the belt, where crossed the 
edge the cap 207, was 400 when all the panels were loaded, 
and 24200 when half the load had been removed from the outer 

Applying Equation (71) the computation the deflections 
the center the panel gives 

124 678 224 229 229 


in. 

Point 37, Fig. 3,* was the only center point observed loaded 
panel wholly surrounded loaded panels. The mean value seven 
readings was 0.224. When half the load was removed from the out- 
side panels the deflection increased 0.246 in. The mean readings 
the centers adjacent panels were: Point 0.291 in.; Point 
0.306 in.; Point 12, 0.271 in.; all these being somewhat larger because 
adjacent panels were not loaded. 

Applying Equations (54), (58), and (61) the computation the 
deflections the middle points the side belts gives 0.1555 
for the long side, and 0.1456 for the short side. The only read- 
ing the middle point long side belt not continuous with 
contiguous outside panel was Point where the mean 
seven readings was 0.1387. The mean reading Point the middle 
the continuation the same rod the other side Column 41, 
between two loaded panels, was 0.229. These points were situated 
similarly the middle points three successive equally loaded spans 


*Of Mr. Lord’s paper. 
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continuous beam, Point being the middle point the middle 
span, and Point the middle one the end spans; the first 
deflection was somewhat less, and the other somewhat greater than 
the deflection when many spans were equally loaded. Point was 
situated that its mean deflection should fall between that 
and that which the fact. 

Point was short side, location the middle span 
three spans like that the long side, and the mean reading 
was 0.127; Point was short side, was long side, 
end span three spans, and the mean reading was 0.163. The 
computed deflection falls between these, should. The deflection 
should fall between the readings for Points and 15, which 
the fact. Point was practically the same relative position 
15, and had equal deflections. Other deflections the middle 
outside belts had about half the preceding deflections, influenced more 
less their continuities. 

The interaction successive spans across the column heads, 
reason continuity spans, evidently considerable amount 
this This doubtless due lack stiffness the junction 
between columns and slab, which this design almost entirely 
without stiffening rods, such the elbow rods the mushroom 
system. The very striking agreement these computations with the 
observations this test show that all essential particulars the 
action the reinforcement principle identical with that for 
which the equations here applied were originally developed. 


Larkin 


very extensive and painstaking test the Larkin Building, 
Chicago, was made Mr. Lord.* The design the slab re- 
this building was the general four-way type used 
the mushroom system, but the column heads omitted much the 
steel ordinarily used for stiffening the head, and, place it, re- 
sistance bending and shear was supplied depressed head 
“drop” concrete, ft. square and 6.75 in. thick, placed the top 
each column, between the cap and the bottom the slab. This 
was made integral with the slab and formed part it, just above 
the cap. The panels are ft. ft. in., 290 in., and 


*The results were presented by Mr. Lord in a paper at the Ninth General Convention 
Cement Users. Extracts from this appear the Cement January, 1913, 52. 
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240 in. The thickness the slab proper in., except 
the drop, where 15.75 in. The diameter the cap in. The 
width the side belts from and the 
diagonal belts from 105 108 in. All the slab rods are round, 
each short side belt, each long side belt, and each 
diagonal belt. 

The floor was designed for dead load about 120 per sq. 
ft., and live load from 225 250 with maximum test load 
twice the sum these, actually 738 lb. per sq. ft. the 
dead weight the slab was acting all times, the stresses tabulated 
the report are those due the observed elongations plus correc- 
tions due the weight the slab itself, which included the 
738 lb. The deflections given, however, are those actually observed 
under the loads applied, maximum test load for deflections 
about twice 250 plus 120 total actual maximum load 
618 per sq. ft. Hence the total maximum load producing stress 
the readings stresses and deflections were made several stages. 
Stage 130 lb. ft, was applied over test area five panels, 
three them wall panels, and two adjacent them, not wall panels. 
Stage the load this area was 250 Stage 
only three panels were loaded, two them wall panels and one ad- 
jacent interior panel, with 415 per sq. Finally, Stage the 
entire load 618 per sq. ft. was placed two panels only, one 
wall panel, and adjacent interior panel, and these were situated 
that their short sides were contiguous. 

Apply Equation (34) the computation the unit stress the 
rods this short side belt, which, ordinarily, would found 
that 8.25 in., but among the test data this stated have 
value in. this case. Hence 

356 700 240 


000 Ib. per sq. in. 


The observed stress was 200 which would decreased somewhat, 
noted previously, adjacent panels were also equally loaded, con- 
templated Equation (34). Applying Equation (34) the long side belt, 


356 700 290 
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The observed stresses the rods belt lying between loaded 
panel and one not loaded much less than between two loaded panels. 
The observed value this location given 10200 but 
not stated whether this mean value the greatest value for any 
rod the belt, the stress the middle rod. From the figured 
location the test lines, probably the latter. The computed re- 
sults should regarded most satisfactory agreement with the 
observations. 


Applying Equation (52) the computation the unit stress 
the middle rod the diagonal belt the center the panel: 
356 290 


070 lb. per sq. in. 


which 7.75 in. taken the mean distance the center the 
steel from the upper surface the center the panel. The given 
observed value was 12900 which differs from the computed 
less than per cent. not stated whether the observation was 
the wall panel the interior panel, whether was average 
the middle rod the belt, but was probably the latter. so, 
the stress the middle rod should greatest. This result may 
regarded satisfactory, and very near what would observed the 
middle rod the adjacent panels were equally loaded. 

Before computing the stresses the head steel the edge 
the cap and edge the drop, should noted that all the stresses 
given the general summary stresses for the maximum load 
738 lb. are from times great for the design load, which 
half great. This, among other things, signifies that the value 
the modulus elasticity for the concrete was much less under the 
test load than was its initial value. Under the test load 738 
there one the columns entirely surrounded loaded panels. 
The consequence the observed stresses all the belts the 
head will much less than those computed, and attempt were 
made compute the stresses due the design load which was spread 
over all the panels around the column, where most the readings 
the head belts were evidently made, the observed stresses would 
have multiplied coefficient 1.5 more make them com- 
parable with the results the test load, 738 
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Now write Equation (a) the general form 


order compute the unit stress the rods the long side belt 
the edge the cap, where 290 230 in., and 
in. The drop thick obviate mostly the increase 
stress the center rod where crosses the edge the cap, and 
therefore account taken such increase. This unit stress 
found 9460 lb. per sq. in. The observed stress along this 
side the edge the load, course, was considerably smaller, and 

Making similar computation the edge the drop this 
found that 14500 per sq. in. Along this side belt the 
edge the load the observed result was only 10400. The diagram 
gauge lines seems show that these are readings observed along 
the middle rod the belt. that case the outside rod the edge 
the belt under load over many panels would have shown greater 
unit stresses than those computed, or, the writer’s opinion, least 
large. 

Applying Equation (a) the computation the unit stresses 
the short side belt the edge the cap, exchanging the sub- 
in., and 0.196, gives 10950 lb. per sq. in. This belt 
crosses the cap from the unloaded into the loaded area which covers 
the two panels each side it. The tipping the head relieves 
some extent the stresses which would exist were all panels loaded, 
and the reading given 300 

Again, compute the unit stress the edge the drop this short 
side belt inserting the equation just used 180 in, 
this point there something abnormal and inexplicable the ob- 
served results which, apparently, should larger than those observed 
the edge the cap where the concrete thick. This contradic- 
tory reading only 800 and may due some bend the rod, 
other peculiarity, because the same thing appears the smaller 
loads. 
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Writing Equation the general form 


and computing the unit stress the middle rod the edge the 
cap the diagonal rods between the corners 
the assumed square caps and placing 


16160 per sq. in. The smaller observed value was 200 
800 Ib. 

Apply the same equation compute the unit stress the middle 
rod the diagonal belt the edge the drop, assumed in. 
diameter because the projecting corner should disregarded, and 
16160 lb. per sq. in. The smaller observed value was 200 


Applying Equation (70) compute the deflection the center 
the panel gives 


which the total load producing the observed deflection was 618 
per sq. ft., total load 296 850 
0.41 in. The observed deflections Points and were 
0.40 in., extraordinary agreement, under the circumstances, re- 
duction steel the head and displacement inflection lines which 
produce effects that tend balance each other. 
the middle the long side may 
Equations (91), (54), and (58), follows: 
The observed deflections were 0.21 in. Point and 0.26 in. Point 
17, the edges the loaded area, which values would somewhat 
increased the adjacent panels were also equally loaded. similar 
computation the middle short side belt gives results still more 
excess the value observed Point 13, Fig. Mr. Lord’s paper, 


Ve 
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reason the shortness the concave section between the points 
inflection. The surprising thing is, not that such discrepancies 
exist between computed and observed results, but that equations de- 
rived for flat slab differing widely and many particulars 
from this one should nevertheless applicable all. 

The writer’s equations were derived for the case side belts with 
total cross-sections proportional their spans and with diagonals with 
intermediate cross-sections which, according his theory, the cor- 
rect proportion. The Larkin slab, however, has the cross-sections its 
side belts proportional the cubes their spans, which highly 
uneconomical arrangement steel, shown the unit stresses ob- 
served the test. The fact that these equations apply closely shows 
that the use the drop stiffening the head practically identical 
action with the steel frame the column head which replaces. 

view the unqualified assertion made the extract from Mr. 
Lord’s paper the Cement respecting the Larkin test, that “the 
deflection readings, compared with those other tests, show that the 
resulting structure stiffer and stronger than the straight flat slab 
ordinarily designed, with anywhere the same amount 
becomes interest submit such straight flat slab analysis 
for purposes comparison, the writer’s formulas are applicable 
such slab with considerable accuracy. 

permit any conclusions whatever drawn the strength 
structure, but have reference stiffness only, that that half the 
assertion referring strength is, the face it, unwarranted and 
entirely unsupported these readings, and, fact, will found 
incorrect, the writer will proceed show. deflections, 
may that perfectly flat slab might have deflection perhaps 
not more than 10% excess this slab, with its bulky and unsightly 
drop the head each column. that should possibly the case, 
trivial matter, and consequence compared with the very 
serious loss strength involved this construction. 

The volume the drop, which ft. square and 6.75 in. thick, 
200 cu. in. this quantity concrete were used increase 
the mean thickness the slab, would make flat slab approximately 
0.9 in. thicker than present. Such flat slab 9.9 in. thick through- 
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out, with belts 0.5-in. round slab rods, having rods each short 
side, each diagonal belt, and each long side, would have 
slightly less slab steel, and the same quantity concrete the slab 
the Larkin Building, but the maximum stresses the steel would 
far less. 
The unit stress the slab rods the middle the long side belt 

this straight flat slab found Equation 

356 290 
Similarly, the unit stress the middle the slab rods the short 
side belt 

WL, 356 700 240 


600 lb. per sq. in. 


Equation (52) the unit stress the diagonals the center 
the panel 


356 700 200 

sq. in. 


would require load more than lb. per sq. ft. such 
mushroom slab produce maximum unit stress the slab rods. 
great was caused the Larkin slab the test load 738 
per sq. ft. The difference great nullify entirely any such 
unwarranted claims those quoted the extract from the Cement 
Era. 

thus appears that mushroom slab more than 65% stronger than 
the slab the Larkin Building can constructed the compara- 
tively slight additional expense part the steel required for the 
radial and ring rods the mushroom head. How much more steel 
might required for the mushroom unknown, because data are 
available the quantity steel used the top rods which were 
embedded the top the slab over the column heads, and 
frame supporting the slab rods the column heads the Larkin slab. 
Mr. Lord’s paper photograph the steel place for pouring 
the shows rectangular frame support this kind. Any 
claim for superiority the Larkin structure with reference strength: 
economy materials over properly designed “straight” flat slab 
is, the writer’s opinion, wholly without foundation. 
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The Donnelly Building, Chicago, was designed and tested 
Mr. Lord. Certain data this test, yet unpublished, have 
been put the writer’s disposal Turner, Am. Soc. 
The panels the slabs are ft. in. ft. in. and in. 
thick, with drop concrete the head each column, ft. square 
and in. thick, integral with the slab. The total thickness the slab 
the edge the cap in.; the effective thickness from the center 
the reinforcement the head the lower surface the slab 
in. 

Design load, 300 per sq. ft.; 
Weight slab, 150 lb. per sq. ft.; 
Test load, 750 per sq. ft.; 
Area panel, 604.3 sq. ft.; 

in.; 

292 in. 


All the reinforcement was round rods. Each long side 
belt had rods, and each short side belt and diagonal belt, rods. 
The computed maximum unit stress the center the short side 
belt, Equation (34), 

292 

For working load 300.+ 150 450 lb. per ft., Ib. 
For the total test load double this quantity, that is, 750 lb. per 
sq. ft., addition the weight the slab itself, 18000 
when all the panels are equally loaded. 

The deflection the center the panel may 
the test load 750 per sq. ft. Equation (70) follows, 
assuming 6A, the reinforcement the area over the head 
the columns, this being that assumed the standard 
mushroom design: 


The observed deflection was barely 0.3 in., which shows that the 
lines inflection this design were somewhat nearer the center 
the panel than assumed Equation (70), they were also the 
Larkin Building. 


1375 


STEEL STRESSES FLAT SLABS 


straight mushroom slab designed with the same quantity 
concrete the Donnelly slab, the drop will furnish sufficient 
concrete make the slab 1.2 in. thicker, giving total thickness 
12.2 in. The computed stress the middle the side belts, case 
all the slab belts remain unchanged, will 16100 lb., instead 
18000 under the test load, and the computed deflection will 
barely 0.4 in. the center the panel. 

The Donnelly slab has 94-ft. square frame round 
rods support the slab rods each head, which, with the lap, 
more than ft. long. standard mushroom head would require 
more steel than this for radial and ring rods, but the quantity very 
small compared with its considerable increase strength, and this 
without increasing the deflection beyond very conservative and 
every way permissible value. Therefore, straight flat slab design, 
such the mushroom, appears preferable one with large 
drop like this. Means for making rational comparison not having 
been available heretofore, has not been possible state positively 
that the unwarranted claims that have been made for designs with 
large drop were unfounded; but that such the fact now de- 
monstrable, appears from the foregoing computations. 


Tue St. Breap Company 


The floor the St. Paul Bread Company Building rough slab, 
in. thick, and has 15-ft. panels, reinforced with round 
rods, ten each belt. The design load was 100 lb. per sq. ft. The 
slab, Fig. 19, was constructed winter and frozen, but, the final 
test was postponed until August, 1912, the slab was very fully cured, 
considerably more so, fact, than most slabs when subjected test. 
The test was made Professor Kavanaugh, the University 
Minnesota, the following manner: 

First, extensometer measurements were made seventeen 8-in. 
lengths slab rods, which were exposed under single loaded panel, 
three these, Nos. and being the middle three rods 
one long side belt the edge the load, and the remaining fourteen 
distributed over the central area one diagonal belt. Second, measure- 
ments deflections were made two points, one the center 
the panel and one near the middle the interior edge one long 
side belt. Third, the embedment the rods was tested. Table con- 
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tains the observed elongations due change loading the 
positions for each the test loads, 108.4, 316.8, and 416.8 
Ib. per sq. ft., after the removal the load. comparison 
the observed elongations symmetrical points reveals such discrep- 
ancies the observations require some preliminary discussion. 


Face of Slab to 
Rod Center 

15,— 1%. 


2 


DIAGRAM SHOWING LOCATION TEST POINTS FLOOR SLAB. 


SAINT PAUL BREAD COMPANY BUILDING. 
*“TURNER MUSHROOM SYSTEM™ 


19. 

Observations Nos. and were pair diagonal rods 
each side and adjacent the diagonal line the panel, there 
being rod exactly the diagonal, and situated just beyond 
the edge the other diagonal belt. reason 
discerned for any difference between these elongations, but the wide 


Rods. 
= |... 4 
Q 
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| | | 4 
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actual unit stresses multiplying 30. 


Observation 
No. 


difference that appears must due some peculiarity one the 
rods, such crook bend, some lack homogeneity the 
concrete. Comparing Observations Nos. and with Nos. 10, 15, and 
16, which, being about the same distance from the center, should, 
Equation (49), have about the same elongations, found that No. 
abnormally large, and the same time No. abnormally small. 
No. another set abnormal results, which evident from the 
fact that, being midway between Nos. and 11, its elongations should 
lie between them; larger than should be, with final com- 
pression after removing the load. Nos. and should the same, 
and Nos. and should alike. The varying embedments the 
portions this rod which were observed show that there was probably 
kink it, which might account for the observed discrepancies. 
possible, however, that some such differences may appear when 
the loading piled one side the panel before piling the 
other. such explanation, however, will fit the case Nos. 
and 13, which are the middle the two rods adjacent the 
diagonal line the center the panel. There appears ques- 
tion that No. abnormally large, for No. agrees well with others, 
being only little larger than those the nearby positions 11, and 
14, and the values No. are wide disagreement with them. The 


ELONGATIONS UNDER THE FOLLOWING 
108.4 316.8 416.8 

255 500 598 

207 233 145 

262 164 

168 271 114 

152 220 

266 152 

122 263 347 146 

276 534 653 
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very considerable differences between results which should apparently 
equal makes evident how inexact single determinations must often 
reason bends the rods, lack homogeneity the concrete, 
and emphasizes the carefully laying belt rods 
straight and having them spaced uniformly, well embedded 
equally, before pouring the concrete, consistent results are desired. 
also shows the importance checking all readings readings 
symmetrical positions. 

may stated general that the observed unit stresses and 
the deflections this test are less than they would for slab 
tested the stage curing which tests are usually made, stage 
which the equations apply more precisely. consequence this, 
all the computed results will exceed some extent those actually 
observed. 

Apply Equation (34) compute the unit stress Nos. and 
the long side belt. Assuming 5.3 

100 000 192 

case many panels equally loaded. mean observed unit 

stresses for three rods the edge the load was 190 the stress 

each the rods being practically the same, fact. that speaks well 

for the stiffness the head. The computed unit stress the center 

the panel 

100 000 192 

The observed unit stress was 12000 though No. 
the abnormal value 600 lb. was found. 

the observations stresses and deflections were made when 


800 lb. per sq. in. 


150 per sq. in. 


only single panel and the computations assume that all 
the panels are equally loaded, any very close agreement Table 
with the observed results not expected; nevertheless, com- 
parison with that table shows that the computed results agree with 


the observations far better than the observations agree among them- 


selves such symmetrical points admit any comparisons. 
The deflection the center the panel under load more than 

double the design load plus the dead load; namely, 316.8 lb. per 

sq. ft., was 0.32 in., which less than the diagonal span. 


8, 
e 
e 
> 
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compute the deflections the panel center, Equation (71), 


follows: 100 000 192? 

Computation the the point near the middle the in- 
terior edge long side belt gives deflection for load 


each panel approximately 0.4 in. 


0.56 in. 


TABLE INCHEs, 
Given Loaps per Foor. 


Test LOADS, IN Pounps. 


108.4 316.8 


Observed! 0.077 0.820 
Computed 0.426 
Observed 0.065 | 0.247 
0.304 


before stated, the somewhat large excess computed over ob- 
served deflections due two circumstances: first, and principally, 
the age and consequent stiffness the slab; and secondly, the edge. 
the fact single panel load instead many, neither which 
cireumstances taken account the equations used. 


STUDEBAKER AUTOMOBILE BUILDING. 


The Studebaker Automobile Building, Michigan Avenue and 
Street, Chicago, was erected 1910, and example 
system construction with two-way reinforcement only. The dis- 
tances between column centers are ft. and ft. in. Papers de- 
scriptive this system may found the current technical journals.* 
All these papers, except the second, were written Condron, 
Am. Soc. whose company designed the Studebaker Building. 
The last paper gives the results tests this and other buildings 
built this system, while the second and third papers give the sizes and 
quantities steel reinforcement this particular building, from 
which appears that the weight steel reinforcement per panel was 
600 

Two kinds floors are constructed this two-way system; one 
perfectly flat slab uniform thickness throughout; the other has 


*Journal, Western Society Engineers, December, 1909; Engineering Record, January 
22d, 1910; Engineering News, January 27th, 1910; Western Contractor, March 12th, 1913. 


416.8 
Edge of side belt................ 0,832 0.124 
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large so-called “panel” the the middle the space 
between each four columns. The Studebaker this 
second kind, that the middle each panel ft. ft. 
in., there this architectural “panel” about ft. square. The 
thicker parts the slab, extending from column head column head, 
thus constitute shallow girders case are thick 
and about ft. wide; and the central panels, ft. square, are only 
in. thick, giving mean thickness slab 8.6 in., the same 
quantity concrete were uniformly distributed. 

The design load. was 100 lb. per sq. the dead load of, the 
slab was also assumed 100 per sq. ft. The test load was 
applied single panel, and, with the Chicago Ordi- 
nances, amounted 300 per sq. ft., total 570 
lb. This caused deflection the.center 0.34 in. 

This floor will compared with mushroom slab, 8.6 in.. thick, 
designed carry the same loading. 

The Studebaker slab had thickness in. concrete clear under 
the square girder rods, and clear concrete under the 
round rods the bottom the central The mushroom slab 
will assumed. to. have twenty-five round rods each belt, and 
0.6 in. concrete clear under the rods the bottom the slab, 
being customary make this fire-proofing layer less for smaller rods, 
and any case not less than 0.5 in, 

(34) the stress the side belt under the dead load 
100 plus the test load 300 per sq. ft., will 

228 000 288 

Mr. Condron states that has used 17000 the unit stress 
steel. Under working load consisting 100 lb. dead load 
plus 100 design load the stress would one-half the value com- 
puted above, namely, 700 lb. per sq. in. 

The quantity slab steel per panel.in this design depends some- 
what the length lap the splicing. Without any lap, there would 

Side rods, 23.75 
Diagonal rods, 33.75 


Total length round rods 881.5 ft. 


400 per sq. in. 


: 
| 
| 
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The weight this 1081.5 lb. round num- 
bers, will assumed that the steel the mushroom head, consist- 
ing radial and ring rods, will bring the total weight 1300 
per panel, which just one-half that the Studebaker Building with 
the same quantity concrete. 

Now, deflections: Equation (71), the central deflection due 
the test load 

the cross-section the steel were doubled throughout, the 
tion would one-half this, 0.297 in., which only slightly less 
than 0.34 in., which was central deflection observed the Stude- 
baker test. 

will noted that the formulas the writer’s investigations 
are dependent the quantity reinforcement, and not the direc- 
tions which runs, the only condition being that the shall 
cross such immediate proximity each other make their 
mutual action each other effective. This does not occur with per- 
fect uniformity everywhere the two-way system under consideration, 
and, consequently, would expected show somewhat greater de- 
‘with the same quantity steel than would the mushroom 
system. 

The special claim made for this system its designers that 
the stresses the steel reinforcement can readily computed 
the method moments due the loading. tests have been pub- 
lished, far the writer knows, substantiate this claim, and 
his judgment such tests would show difference, between extensometer 
observations and those obtained the formulas published the 
papers previously referred to, not less than 50% the observed 
amount, and probably more nearly 100 per cent. 


This based not only the general theory such 


structures, with which the writer has some familiarity, but the 
computations just given this paper, which fairly support this state- 
ment. 
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APPENDIX 


warehouse, the skeleton type reinforced concrete construction, 
erected for the Northwestern Glass Company, Minneapolis, from 
plans prepared Bertrand and Chamberlin, Architects, and Mr, 
divided into 17-ft. panels. The floor the “Mushroom” 
type flat slab construction, designed for live load 400 per 
sq. ft. The 8-in. rough slab reinforced with fifteen round 
rods each direct and diagonal belt, shown the 
time the test, the 2-in. cement finish which form the wearing 
surface was not place. 

Age and Conditions Curing.—At the time the test, the con- 
crete the test panels had been place months, but the weather 
had not been favorable for curing, except during the last few weeks. 
the day the test panels were cast, December 6th, 1912, the mean 
temperature was 10°, with maximum 19° and minimum 
Fahr. From this time until the end March, 1913, the temperature 
practically remained below freezing. The usual precautions were taken 
prevent freezing the green concrete. Salamanders were kept burn- 
ing the basement until January 10th. The slab was kept covered 
with boards and canvas from the day was poured until the erection 
the forms for the second floor was begun. This interval was about 
week days. Pouring the second floor was begun Decem- 
ber 28th, and from this time until January 10th salamanders were 
kept fired under the second floor. The forms supporting the test 
panels were removed near the end February. The last few weeks 
before the test the weather was very mild, and said that the 
concrete showed noticeable increase hardness during this period. 
the time the test, May 12th 19th, the floor had all the appear- 
ance excellent hard concrete. 

Plan and Description the Test.—As the time available for the 
test, and the floor space that could occupied the basement, were 
limited the necessity caring for large shipments glass, atten- 
tion was confined the measurement deflections and deformations 
critical points only. Very little choice was had selecting points 
the upper side the slab which determine steel extensions; 


* Figs. 1 to 14, inclusive, are also taken from this report. 
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for, with the type extensometer used, measurements could only 
taken the top belt rods and points very near the surface. 

Extensometer measurements were taken various stages during 
the loading and unloading, and all but one instance they were taken 
immediately after each load was and again just before apply- 
ing the next load. Deflections were taken number intermediate 
stages which extensometer measurements were made. The exten- 
someter measurements were made with the regular short-legged labora- 
tory form Berry strain gauge, reading over 8-in. gauge line. 
The deflections were measured with portable instrument specially 
designed enable measurements taken large number 
points without obstructing passage under the various panels. 

The test load was cement bags, arranged four piles 
each panel, separated aisles prevent arching and facilitate 
the taking observations. The entire four panels were first loaded 
uniformly three stages total load 540 lb. per sq. ft. 
loaded area. The load from two panels was then nearly all trans- 
ferred, two stages, the remaining two panels, making inten- 
sity 1000 and 750 lb. per sq. ft. the loaded areas these 
two panels. The removal the load was made stages such 
manner that the one panel retained its full load 1000 lb. per sq. 
ft. for hours. The detail areas and intensities loading are 
shown Figs. and 

The accompanying tables and drawings show all the data load- 
ing and the resulting steel stresses and deflections. These are self- 
explanatory. The steel stresses have been calculated from the exten- 
someter measurements basis 30000000 per sq. in. for the 
modulus elasticity. Fig. shows the actual thickness the test 


slabs and the depth the rods the top which extensometer 
measurements were made. 


TABLE SCHEDULE LOADING. 


NORTHWESTERN GLASS COMPANY BUILDING. 


INTERVAL, LoaD 
AppPLytnG Loan. 


PLACE. 

Began Noon. Finished. Hr. Min. 

May 14... 2 | 9:30 A. M 12-12:30 2:45 P.M, 25 35 
May 18..... 6 10:40 a. M. 17 55 
May 19..... 8 | 10:30 a, M 12-12:30 12:53 P. M. 24 53 


} 
} 
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TABLE 5.—SuMMARY LOADING. 


ToTat Pane. Loaps. 


Loap PER Over 
LoapED AREA, 


lad 


Loaded area, 174.1 sq. ft. 


ToraL LOADS IN SUB- 
Drvistons: 


Load No. 


9 025 
18 525 
25 270 | 
16 150 
Same. 
None. 


Same. 


a 


4 
8 


Total load 


None. | 


Loaps Foor 


172 
397 
565 
341 
Same. 
None. 


344 

Same.) Same. 

None. None. 


AveraGe Loap 
PER 
Square Foor or: 


| 
Whole 


area. | panei. 


181 
395 | 
52 
342 
Same. 
None. 


116 
253 

| 219 

| Same. 
None. 
| 


TABLE 7.—Loapine Data, 


Panel, 272 sq. Loaded area, 176.8 sq. ft. 


+ 


Divisions: 


960 

135 
875 

Same. 
| 82490 
| 15 485 
| None. 


820 
None. 


500 


“ 


Total load 


Loaps PER Foor 
ty Sus-Divisions: 


169 

355 

492 571 

686 
Same.| Same. 

B44 855 
None.| None. 


AVeRAGS LoAD 
PER 
Square Foor or: 


Loaded | Whole 
area. panel, 


1385 
96045 090 910 552 533 558 512 
815 58995 342 742 339 720 
None. 480 Same. Same. None. Same. Same. 
17 885 16815 | 16055 | 68 780 382 394 408 
one. one. | one. one. 
rv | “ “ 
| “ be | “ “ | “ “ 
| None, None. | None. None. eh None. | None. 
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TABLE 8.—Loapine Data, 
Panel, ft. Area, 272 sq. ft. Loaded area, 173.9 sq. ft. 


AVERAGE 
PER 
SquaReE Foor oF: 


Loaps IN Sus- 


PER SQUARE Foot 
Divisions: 


ty SuB-DIvisions: 


Total load | 


Loaded | Whole 
area, panel, 


108 
357 


336 
94 | None.| None. 
Same. 


“ 


Ss 


“ 
“ “ 


None. 83 94 | None. 


Panel, ft. Area, 272 sq. ft. Loaded area, 181.6 sq. ft. 


AVERAGE LoaD 
PER 
SQUARE Foot oF: 


Totat Loaps Sus- 


PER Foor 
DIvisions: 


IN SuB-DIVIsIONs: 


Total load 


p-4, Whole 
| area. panel. 


107 
248 
22 515 5 342 
81 350 | 34 865 |130 720 | 480 
760 825 970 672 
Same, | Same, | Same. .| Same./ Same. 


None. | None. . | None. | None. | None.| None.| None.| None. | None. 


Zz 


i 16 435 | 14.060 | 12635 | 15 865 | 58 995 856 339 217 
VA | 
410 
895 
680 825 
405 980 
Same. 
Hone. 
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Deflections are given thousandths inch. 


DEFLECTIONS AT Point NuMBER. 


24th 
June 


*These points were inaccessible. Note that deflections given for Points 28, 29, and 
represent deflections below the position of the slab at Load 2. At all other points the 
shown are from the initial position the slab. 


Deflections are given thousandths inch. 


DEFLECTIONS AT PorInT NUMBER. 


June 5th 


points were inaccessible. that the deflections given for Point represent 


from the position the slab under other points the 
shown are from the initial position of the slab. 


Date, 
Zero.| 12th 0 0 @ bse. | BT Se 0 0 0 0 0 0 
Date. 
| 


FLAT SLABS 


STEEL STRESSES 


<a 
<>} 
n 
— 
re 


Stresses are given thousands pounds per square inch. 


OD 


OPFOR 


Stresses aT Linz NUMBER. 


SHH 


Ri- 


All stresses this table are tensions. 


Stresses are given thousands pounds per square inch. 


Stresses aT GavuGe Line NuMBER. 


AH 


SSS 


SOAK 


— 


Aare 


a 


=|" 


The minus sign indicates compression. Where sign used the stress tension. 
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Date | 
Zero 12th | 0 
8 15th ; 4. 
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DISCUSSION 


Epwarp Am. Soc. (by letter).—The flat slab 
repeatedly been brought before the Engineering Profession for con- 
sideration and adoption, the plea that efficient and 
Before adopting it, however, Profession has examine 
its credentials. The theory the flat slab must pass muster; and tests 
must consistent and rightly interpreted. Some things 
reinforced concrete design have been adopted which have not met these 
They were adopted ignorance and have been the cause 
unnumbered wrecks. One these the stirrup short shear 
member, the rodded column with lateral reinforcement; 
but these will rooted out time, That they ever received the sanc- 
tion the Profession disgrace. will not add the 
number such ill-considered standards the adoption any other 
untried and illogical method design. 

The theory flat slabs, given most writers, would tend 
place the innocuous class, for the great thickness slab demanded 
would put “out the running”; but the commercial designers suc- 
ceed scaling down the bending moments point which inde- 
pendent practising engineers fear attempt. 

The flat slab theory premises slab indefinite extent, supported 
indefinite number columns, the entire slab being uniformly 
loaded. The term, cantilever flat slab, often used, conveys the idea 
that_over the column heads the The premises and 
the several assumptions are faulty, The slab not indefinite extent. 
the outer row columns short distance beyond 
them, and sometimes there are only two three bays. Sometimes 
there girder wall the outer edge and sometimes there not, 
Manifestly, when the outer row columns reached, there must be— 
order, satisfy the theory—something take the place the con- 
the line the columns does not perform this office, girder can- 
not hold slab fixed horizontal position though were 
continuation the slab beyond the column line can- 
supply the condition necessary, unless uniformly loaded with 
just the proper balancing load. This uniform load, however, would 
necessity include some live load, and there law compelling 
owner dispose the load his floor any given way. 

The idea that the cantilever over the column means one 
two things. the load the slab must properly balanced, 
the columns must subject bending moment due live load 
one side the column line. assume that the live loads are 
always properly balanced over the columns restrict the owner 
the free use his structure and demand something unthinkable. 


Mr. 


Godfrey. 


y 
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make the columns the cantilever load the slab subject 
them stresses for which they are never 

page 1346 the author says: 

“The stress the wall panel, was larger, and amounted 


20500 probably was due the cantilever action the 
wall being less than that exerted the usual. column heads.” 


Here confession that the column heads—which means, neces- 
sity, the columns—are depended take cantilever stresses from 
the 

may urged that the stiffness the slab will make capable 
taking least part the bending moment beyond the column line. 
cannot possibly take all without either infinite stiffness 
articulation the column. Any theory wrong that does not follow 
ultimate and adequate support resistance the loads strains 
assumed part structure. slab theory that ignores the effect 
the slab the columns, and leaves the reader infer that these 
columns are centrally loaded, wrong. 

Another part the theory that wrong the assumption that 
Poisson’s ratio has any application the steel reinforcement. The 
author’s theory for the mushroom slab assumes that the steel rein- 
forcement equivalent continuous flat sheet steel. This 
contrary fact and reason. set cross-rods does not any 
sense fulfill the conditions that make equivalent single sheet 

freely admitted that when sheet steel one 
direction contracts the other direction. whether this con- 
traction equivalent compressive force that would give the same 
amount shortening another question. this applied 
two sets transverse rods, entirely different condition exists. The 
only medium between the sets rods the previous 
the author has stated that for the mushroom type Poisson’s 
ratio five-tenths. For the type that delights honor, then, here 
what this statement means. 1-in. square rod stressed 000 
pulled crosswise the concrete 000 lb. for each inch its length. 
The concrete might have adhesion one one-hundredth this 
amount. Where does the other ninety-nine-hundredths come from? 

asking the Profession accept this mushroom theory, the author 
asking consider the laws matter suspended for this particular 
type, else that there are special laws that apply this special com- 
bination materials. The theory flat slabs hard for any disin- 
terested engineer accept; let look the tests. 

The author finds agreement between his theory and the result 
tests. According his statements, deflections and extensions the 


Proceedings, Am, Soe. for August, 1913, 1368. 


Mr. 

Godfrey. 
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steel would seem bear out his theoretical deductions. This apparent 
agreement explained two things, one tension the concrete, 
and the other large columns that are only partly loaded the tests 
and, therefore, can lend some their unused strength toward resisting 
cantilever action. 

There can doubt that tension the concrete plays large 
part resisting bending moments, and consequently carrying the 
loads. This true other forms reinforced concrete, well. 
simple beam slab very large part the bending moment 
resisted tension the but the accepted theory ignores 
this tensile strength entirely, and wisely so. This the reason that 
deflection for reinforced concrete beams, based 
tension the concrete, are worthless. 

flat slab, the tensile strength the concrete has vastly more 
influence supporting loads resisting bending moments than 
simple beam, because the fact that the tension all directions. 
Deflection diminished and steel stresses are reduced reason 
this tensile strength the concrete, and any theory that tries ex- 
plain these results through the supposed influence Poisson’s ratio 
false. cannot gainsaid that, flat slab were cracked along 
certain lines, the steel stress and the deflection would found 
very much more than they are whole slab, just exactly the same 
would true any reinforced concrete beam slab. 

Tests flat slab, that are manifestly very greatly influenced 
the tensile strength the concrete are falsely interpreted, when the 
effect.of that tensile strength totally ignored, and, instead, Poisson’s 
ratio thing that applies only “any piece material which 
subjected stress, and such shape that more than one its 
explain the low stress the steel. 

the commercial investigators frankly admitted that the tensile 
strength the concrete their mainstay, users the flat slab would 
adopt with their eyes open, they had the temerity use it. 

The author has published+ test mushroom slab which pur- 
ported show the great strength this style construction and its 
agreement with theory. This slab, though only ft. square, was 
supported four comparatively enormous and very short reinforced 
columns. was loaded with balancing loads, that is, the 
first and second increments the load were partly within and partly 
without the square enclosing the columns, which was ft. each way. 

course, such columns would have large influence carrying 
cantilever loads, because their in. width and their small direct 
but this totally ignored the author’s theory, and all the 


defined Dr. Eddy Proceedings, Am. Soc. for August, 1913, 
Engineering News, March 27th, 1913. 


Mr. 
frey. 


Godfrey. 
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strength attributed the virtue the system. building could 
not commercially designed with columns about half thick 
their height and safe load less than 100 lb. per sq. in. This test 
far from representing anything practice that has not even 
theoretic interest, especially when the theory absolutely ignores the 
greatest factors supporting the loads. 

Furthermore; balanced loads this test slab tell nothing whatever 
what the slab would the were confined within the square 
enclosing the columns. 

The dishing effect flat slab often referred explaining 
the strength exhibited tests, and there doubt that for in- 
terior loaded bay, with the surrounding bays idle, the dishing has 
large influence. The writer has shown, tests,* that though dishing 
interior panel greatly increases the strength that panel, 
row loaded panels will not show this dishing, and will not have 
this large strength. The tests which have been made flat slabs 
buildings have been one more interior panels (including some 
cases exterior panels supported walls girders) but never, far 
the writer can learn, complete row panels across building. 
Under such loading, the slab would tend take cylindrical shape 
instead dished, and the concrete and the steel would under 
very much greater stress. 

flat slab rows columns better conditioned than the 
same slab supported parallel lines girders. commercially 
designed flat slab will stand under this criterion, that is, considering 
the slab supported two lines girders and figuring its bending 
moment ordinary slab subject the common laws Nature 
which other than “flat are amenable. The writer has made 
these statements number times; they have never been controverted. 
This the case the flat slab stands falls 
the just mentioned. one notable case fell with disastrous 
results. 

The most serious aspect this reliance tension concrete 
the case rolling jarring loads, for freight terminal 
viaduct. Repeated jarring the load will time crack the concrete. 
Then the steel will get its full load, which several times that for 
which and trouble may expected. 


tion value for Poisson’s ratio for steel and concrete combination 
four five probable value, shown the published. re- 
sults experiments with these materials combination, and one- 
third larger than the sum the ratios for the materials not 


Soc. for August, 1913, 1358; and Engineering and Contract- 
ing, July 2d, 1913. 
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combination, and used the author one his published works 
the derivation formulas similar those presented this paper, ac- 
counts for some the discrepancies between former theories and con- 
based facts. The variations flat-slab design and the 
growing importance this type construction are great that at- 
view general applicability rather than support particu- 
lar type construction. 

Much written the action flat plates under 
loads, and the writer believes that considerable what has been put 
forth proper basis of: reinforced concrete 
flat-slab construction erroneous, and that the formulas proposed 
the author this paper give resultant stresses steel much 
less than would developed under working proper 
test loading. 

noted the results found using the proposed 
compared with the observed the steel the 
slab Panel when there was little load the panels adjacent 
it. the Panel the equivalent uniform load was about 
and the two other adjacent panels there was load whatever. Our 
knowledge this warrants believing that the effect 
the floor supporting the load single panel 
quite 

The writer recently conducted test floor the “mushroom” 
type construction, having dimensions and 
with slab in. thick, however, larger percentage 
than usual slab The design load was 200 and the superim- 
posed test load was 400 floor. The results this test 
showed remarkably large effect the deflection the middle the 
panel, when parts the adjacent panels were loaded with full test 
load along two sides. 

The adjoining panels were the same dimensions and reinforce- 
ment the one loaded. The panel tested was the corner the 
building, supported two sides wall beams, and corresponding 
that the corner panel shown Fig. having Columns 10, 11, 
and at.the four corners. 

the first stage the test, the panel only was Care was 
taken leave clear passages prevent any arch action. 

The second stage consisted loading areas ft. in. wide adja- 
cent the loaded panel, for the full length the side 
the panel, with the same uniform load the panel. This 
placed full test load practically over the full width the belt 
bars extending from column column and parallel the sides the 
panel. After the placing this additional load, the measured de- 


Mr. 


kles. 


Mr. 
Eckles. 
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fiection the center the panel was exactly twice that found when 

only the full area the panel was loaded. measurements were 
made very carefully two direct methods, avoid any error, and 
period hours was elapse between the time the load- 
ing the panel and the loading the adjacent strips 
seems probable that the difference the deflections would have been 
somewhat the width the adjacent loaded strips been 
greater. 

harmony with the results tests given pre- 
sented some months ago which was shown that loads are distrib- 
uted laterally for distance beyond the boundaries the loaded area, 
some cases amounting more than one-half the span the slab. 
Similar have been reached result other tests. The 
method arranging the reinforcement this type construction, 
shown Fig. with the belts bars overlapping each other near 
the columns, would seem: indicate clearly that, for single loaded 
panel, where the side belts are only partly loaded, the effective span 
the diagonal belts would decreased largely modified. This 
effect would enhanced still further the fact that the side belts 
are shorter spans and consequently subject less defleetion. This 
precisely the effect the used the Larkin Building, and 
would seem account for the approximate agreement the results 
the the author’s use his formula, with those 
the Larkin test, where the load extended over several panels. 

has been pretty clearly established, the numerous tests made, 
that the points contraflexure are fairly close that which the com- 
mon theories flexure would indicate, considering elementary width 
slab extending from column column act beam. 

the “mushroom” system this point much nearer the column 
than cases where the “drop” used, and made this 
basis give results excess those the author’s: pro- 
posed formulas, based partial test loads. The author has fallen 
into error through his disregard the well-established laws flex- 
ure, with the result that the conclusions his. paper are erroneous. 

The advantages the flat-slab type construction are obvious. 
With the same quantity material, the structure can made ap- 
proximately the same strength when the usual slab-and-beam type 
construction used, without excessive deflection, and with the 
added advantage, many cases, greater clearance, reduction 
the cost less height structure being required. With these 
facts view, questionable practice advocate flat-slab type 
construction designed under specifications inconsistent with what 
recognized good the more common slab-and-beam type. 

One the disadvantages the “mushroom” system without the 
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“drop” the lessened strength shear the slab around the column 
head. the beginning the paper the author has advocated the use 
small percentages reinforcement, though his reasons for this are 
not apparent. The quantity reinforcement often used the 
“mushroom” system one-fourth 1%, and, considering the possible 
effect the overlapping belts, with this percentage the neutral axis 
the slab would approximately three-tenths the effective depth 
from the compression face points near the column. slab 
in. effective depth, the neutral axis would about in. from the 

The compression side the slab the only part its cross-sec- 
tion which effective shear; the shear developed this part 
the slab around the top the column measure diagonal ten- 
sion, and very high unit value. Where “drop” used, this unit 
shear greatly reduced. With the same total quantity reinforce- 
ment and “drop” half the thickness the slab, the unit shear 
reduced approximately one-fourth. 


fails bring out the following important conclusions from the tests 
the Northwestern Glass Company’s Building: 


The reinforcement the slab the column head entirely 
inadequate for the design load, that the tensile stresses 
the steel compressive stresses the are 
excessive. 

The gauge lines the column head were not placed properly, 
that the readings the stresses not represent the maxi- 
mum stresses the steel the column head. 

Tests made single panels, with the loading similar those 
Northwestern Glass Company’s Building, Loads 
not produce the largest stresses the most important part 
the structure, that is, the column head. 

The wall panels should designed differently from the inside 
panels, 


Stresses the Column Head.—By the nature the construction, 
the flat ‘slab derives its strength from the rigidity the column 
head. For this reason, absolutely necessary design the slab 
that the tensile and compressive stresses the column head 
within working analyzing the results from the tests, 
most important, therefore, pay close attention the stresses the 
column head. 

For the column head, the most unfavorable position the loading 
Glass Company’s Building, the only loading that caused most un- 
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favorable condition the column head was when Load applied, 
and then the total per panel was from 000 though 
the panels were designed for total live load 102400 
for this smaller load, however, the stresses the due the live 
load alone reached per sq. in. stress 
due the the total stress for the design load more than 
50% greater than that usually allowed reinforced construc- 
tion. The stress referred Point 111,(Table 12). Stresses just 
high undoubtedly would have been found elsewhere, the other 
gauge lines had been properly placed over the edge the head, 
explained later. That this stress was not abnormal indicated 
the uniformity with which increased under the load and then de- 
when the load was removed. 
Mr. Eddy attributes the high stress Point 111 the fact that: 


“Tt was necessary pry the ends the rods upward forcibly and 
hold them this position blocks under their extremities, thus put- 
ting them under considerable initial bending stress.” 


the gauge line, .111, was bar belonging 
the diagonal band, difficult see how lifting 
the bands, which were not. attached anything, puts any initial 
bending stresses it. Even initial stresses existed, they would 
not have affected the readings the stresses, extensometer measure- 
ments not indicate the actual stresses bars, but only the differ- 
ence between the stresses the initial reading and the respective 
reading under load. Any initial stress, like stresses due the dead 
load, not included this difference. 

Mr. Eddy states, further: 

“At 111, Column 36, the edge the loaded area, the abnormal 
value was reached under Load Load shows such 
large increase over Load observed stress the slab rods the 
column heads Panel was expected practically doubling 
the loading. This fact apparently inexplicable.” 

This statement absolutely misleading. Point 111 Panel 
and this panel received its largest loading with Load With Load 
ferring the detail loading Fig. obvious, there- 
fore, that the stress this point ought less with than 
with Load 

Faulty Location Gauge Lines.—The location the gauge lines 
over the column head unfortunate. evident from Fig. all 
gauge lines, except 103, 107, and 111, are inside the column head. The 
readings, therefore, these gauge lines cannot represent any way 
the actual maximum stresses the the column head. 
The writer has his possession tests made one his associates 
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similar construction, where readings were 
taken gauge lines placed shown Fig. 
average results from -this test gave 
per results were obtained 
the Worcester made under the direction 
Mr. Brown. therefore, that 
for gauge lines located like those used the 
Northwestern Glass Company’s Building, the 
results are much smaller than the maximum stresses. 

rapid stresses explains Table 12, all 
except 107, 108, and 111, low. The low stress 
103, which was placed outside the column head, evidently caused 
fact that the gauge line was too far from the column head, and the 
bar was one the outside ones the diagonal band. 

Eddy realizes that the stresses the rods inside’ the 
cap are much ‘smaller than those the same rods just after they 
leave the cap, evident from the following: 

“Although that part the length the rod which inside the 
its elongation prevented the cap, the part out- 
side must have its elongation correspondingly increased compensate 
for this loss, and, the whole, equal that the rods beside it.” 

analyzing the results from the test, however, accepts the 
stresses inside the cap the maximum stresses. 

Stresses the Concrete the Eddy does not 
part his paper, analyzes the relation between the stresses the 
steel and the and the influence the percentage steel 
the stresses concrete. This analysis would lead one 
believe that the stresses the concrete, the tests described later, 
are within working limits. This, the case. The case 
mentioned Mr. Eddy, exists within the 
panel, the column head, the other hand, the percentage steel 
the bands alone four times that the steel each band. Where- 
ever the bars overlap; the percentage still larger. designs similar 
those the paper, the percentage steel the column 
head between 1.5 and these percentages steel, the stress 
the concrete, corresponding: the working the steel, must 
exceed allowable working stress. This evident from Table 

great importance for the safety the structure keep 
the compressive stresses the column head, well the tensile 
stresses steel, within working limits. large per- 
centage steel used the column head, always the case this 
type construction, compression steel indispensable. 
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the Northwestern Glass Company’s Building, 
stresses the concrete due live load alone may had caleu- 
lates the stress the corresponding about the 
steel stressed 22000 With the dead load included, the stresses 
the steel and the concrete would 25% greater. 

Loads and not Produce the Worst Condition the Column 
Head.—It unfortunate from standpoint that the loading 
all the panels was discontinued soon Point received 
stress. further loading panels, their true strength would 
have been obtained, but with the loadings used, the results are sim- 
ply misleading. 

Loads and for instance, show Panels and loaded and 
Panels and unloaded. With this load, the stresses the column; 
instead being taken the steel one-fourth the cireumfer- 
ence the head, that is, the steel tributary that panel, 
were taken the steel one-half the cor- 
rectness this statement may seen reference Table where 
shown that although Panels and were not loaded; Points 103, 
and 111, showed considerable stress. From this evident ‘that 
the loading Panels and was the head, not 
only the steel belonging Panels but also the steel 
Panels and The stresses the column head, therefore. with 
this kind loading, are much smaller than would have been the case 
had all spans carried loads equal intensity. 

Other Tests Mushroom Floors.—The student this type 
construction struck paucity reliable test data the par- 
ticular type construction discussed Eddy. tests are 
one surprised find that they bring out everywhere ex- 
cept the most vulnerable part the eonstruction. 

The test destruction earried Turner, Am. Soe. 
E., his behalf, described the papers and more 
fully Mr. Eddy’s book, might have elucidated many mooted ques- 
tions. The idea test panel with projections, loaded properly, 
was very good one, because the load the projections could have 
been. arranged that would have effect almost similar loads 
the adjoining panels. The idea, however, was not carried out, 
slab loads placed the center panel with com- 
paratively load the projections. The question the stresses 
the important part, that is, the column head, therefore, was 
neglected, with the consequence that the results the test are simply 

misleading any one not well versed the subject. 

The test the St. Paul Bread Company’s Building another in- 
stance which everything was tested except which ordinarily 
the weakest part the construction. 
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Formulas.—Mr. Eddy’s formulas not agree with the results Mr. 
the tests in.the most important place, viz., the head. 
though calls them “theoretical the theoretical foundation 
nullified the many assumptions which not agree with the 
actual conditions, that the final results can lay claim being 
theoretically correct. 

One the assumptions for which clear given that 
for value Poisson’s ratio, Mr. Eddy’s book, 
that ratio, for concrete alone, varies from 0.1 For steel alone this 
ratio about For construction, Mr. Eddy 
considers that neither these two values large enough, and ac- 
cepts value equal 0.5. support this value, has given 
beautiful formula, but does not explain how two materials acting 
together can change their nature entirely, and how the top portion 
concrete slab, merely being provided with steel the bottom, can 
take lateral expansion equal one-half the compressive deforma- 
tion under stress, The writer does see how this statement can 
accepted any one acquainted with the nature the material, and 
yet this assumption hangs the most vital element the results. 

The stresses for the steel the diagonal and rectangular bands are 
from formulas derived without regard the size the 
column head, and, Mr. Eddy, would apply construc- 


tion with column head equal sharp point and one any size 
whatever, This assumption, it, erroneous. The 
stresses the column head are simply. neglected. 

determining the stresses steel over the column head, Mr. Eddy 
states: “The stresses the middle rods each belt, consequently, 
are increased abnormally for this reason just leaves the cap.” 

This statement, however, does not prevent him from continuing: 


“Instead attempting determine this increase some intricate 
investigation, will simply assumed that the stress this point 
the middle rod does not exceed that the outside rod the belt 
point opposite the center the cap.” 


The available tests prove the correctness the first statement. They 
show, however, that the stresses the outer bars are much smaller 
than those the middle bars. Mr. Eddy’s assumption, therefore, 
without foundation, and, consequence, the results from the formu- 
las not agree with the the Northwestern Glass Company’s 
Building, using the actual live load the panel, there obtained 
his formula stress, per sq. in., while the actual 
stress due live load least 000 lb. per. sq. in. 

diseussing the tests, Mr. Eddy uses, his formulas for the total 
load the panel, much larger load than was actually the panel. 
justification for this, states that portions the panels near 
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the column not loaded. overlooks the fact, however, 
that there were two center aisles about in, wide running across the 
center the panel and thus taking away the load from the place where 
would most effective producing bending moment. The use 
the larger load still more unjustifiable the stresses 
over the column head, because the stresses there are more affected 
the amount load the panel than their position. appears 
that the same load uniformly distributed would not have caused larger 
stresses than was caused the load placed shown Fig. 


the Larkin Building, Mr. makes the following 
statement: 


would require load more than 200 per sq. ft. such 
mushroom slab produce maximum unit stress the slab rods 
great was the Larkin slab the test load 738 
per sq. ft.” 


has been shown, does not agree within 45% with the actual results. 
This claim only another expression Mr. Eddy’s faith the miracu- 
lous properties this particular type reinforcement; but, en- 
gineers familiar with the design reinforced concrete, seems 
least open discussion. 

conclusion, appears, from careful study the tests, that 
design similar that the Northwestern:Glass Company’s Build- 
ing does not have the proper factor safety required reinforced 
concrete construction; that the stresses the steel, well the 
evident from Table 12, exceed those used conserva- 
tive designs; and that the formulas given Mr. Eddy not appear 
agree with the results with the claimed him; fact, 
stated before, the difference between the results from the formulas and 
the actual stresses reaches the large amount least per cent. 


Menson, Am. Soo. (by letter).—This paper appears 
the writer defense of, and propaganda for, the so-called 
mushroom type flat floor construction. 

The author seems quite satisfied that mushroom floors with 
notoriously deficient quantity steel reinforcement are safe and 
proper This debatable. question, with reference 
the factor safety required. some constructions there factor 
safety little more than foundations, retaining walls, 
dams, bridge abutments, fact, where the carrying capacity and 
cohesion the ground considered. other cases factor 
safety hardly often, knowingly unknowingly, adopted, 
columns, whether steel, brick, concrete, especially outside col- 
umns and those which are eccentrically loaded, also trusses, 
brick walls buildings, ete. 
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The numerous cases where such low factors are found 
may blind engineer and make him believe that well justified 
adopting similar factor safety flat slab construction. the 
other hand, engineers aré accustomed allow factor safety 
steel-girder constructions, and the general public demands 
its novelty and its greater uncertainty erection. 

The writer claims that large percentage the examples cited 
the author have factor safety trifle more less than and 
that his formulas simply accommodate the extensometer tests these 
slabs. Extensometer tests not give any indication the real 
strength slab, which reinforced light bars and such low 
amounts per cent. The extensometer gives the elongation 
length generally in. steel bars embedded concrete. Where the 
surrounding concrete not cracked the in., the extension obtained 
the extensometer, inches per inch length, multiplied by. the 
modulus elasticity the steel, generally taken 30000000, will 
give the steel but correct idea the interior resisting 
moment, because the tensile strength the concrete disregarded. 
Assume, however, that there crack the concrete between the 
contact points the extensometer, then the stress transferred 
shear and the bond concrete and steel the steel bar the 
neighborhood the and the bar stressed considerably higher 
the crack than points farther from it. 

For illustration, assume that the reinforcement consists 
round bars, in. from center center, crack the concrete 
deep, and that the tensile strength the concrete 200 lb. 
per sq. in. The surface bar per lin. in. 1.18 sq. in., and 
its cross-section 0.11 sq. in. The original strength concrete 
section, in. wide and in. deep, 200 200 and, assuming 
bond stress 400 per in., 472 per lin. in. bar, 
will require length in. each side the crack transmit 
the original strength the cracked portion the concrete into the 
bar. This additional stress the steel fibers amounts 1200 0.11 
10900 per sq. in., and, for determining the elongation the bar 
have assume that acts only average in., though the 
extensometer measures in.; hence the stresses obtained extenso- 
meter readings are this particular case only three-eighths the 
actual stresses. other words, when judge, from 
tensometer readings, the distribution the exterior bending moments, 
their equivalent, the interior resisting moments, one likely 
under-estimate the value the exterior bending moments 50% and 
more, due the neglect the tensile stresses the concrete. 

The fact that extensometer readings not permit any correct con- 
clusions the interior resisting moment, the factor safety 
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5 000 | 174.85 282 639 30.6 0.17 
338; 

1000; 54.64 51 43 | 54.1 0.025 
2000} 84.64 7 63 | 54.3) 0.086 
4 000} 144.64 182 217 | 45.6 | 0.085 
5 000 | 174.64 286 566 | 33.5 | 0.170)! 
348; 
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2 000} 85.26 77 5 57.8 | 0.085 
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wi 0 | 0.010 
a 2 000 | 0.025 
* 4 000 0.045 
500 160.26 0.050 
5 000 | 175.26 0.060 
0.080 
9 000 | 295.26 0.230 
: 11 000 | 355.26 0.320 
12 850 | 410.76 oeeeeet 0.400 
. | 10 700 | 346.26 | 24.6 0.430 
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the slab, indisputably proved tests made Richard Humphrey, mr. 
Am. Soe. E.* that investigation there were 336 beams, ft. 
long, in. cross-section, and they were tested 12-ft. 
span two equal loads the one-third points. The reinforcement 
throughout consisted bars, having yield point approxi- 
mately 40000 The number bars varied from two eight, cor- 

was 1:2:4 volume, and the tests were made when the beams: were 

13, 26, and weeks old. every beam tested there were careful 
readings of. the deformations, both the top fibers and the steel 
fibers, for stages loadings from 500 1000 the ultimate 
load. 

Table 14, taken from Paper No. will noticed 
that Beam No. 337 failed total load 6740 Ib. load 
which more than one-half the ultimate load, the extensometer 
reading. the steel fiber was in. per in.; or; multiplying 
well keep mind that the extensometer reading gives such low 
stress when the factor safety less than find that 
4500 which two-thirds the ultimate load, the 
stress the steel fibers 160 lb. which 75% the 
ultimate load, the steel fiber stress only 000 Ib. in. Similar 
may found every beam tested, even those with 
One may reasonably expect that the 
will still greater flat slab construction, the percentage 
reinforcement considerably lower than Beam No. 337, mostly 
only per cent. One can even imagine the case where, with 
insufficient quantity reinforcement; the slab will break prac- 
tically the same load non-reinforced slab, where, just before break- 
ing the extensometer would not show larger extension that 0.0001 in. 

studying the tables that certdin stages very 
small the load causes great change the extensometer 
readings, which explains the great discrepancies found 
the stresses adjoining bars symmetrical points. The unre- 
liability readings for the determination the interior 
resisting moment concrete beams was discussed the 
writer Western Society Engineers the spring 1904.+ 

There yet another simple indication that the flat slab construc- 
tions cited Mr. Eddy have not the conventional factor safety, and 
that the appearance cracks the most dangerous sections, where 
one would expect find them loadings from one-third one- 
half the ultimate tests:of beams reinforced 4%, 


* Technologic Paper No. 2, U. S. Bureau of Standards. 


+The Journal of the Western Society of Engineers, for 1904, contains a number of 
tables and diagrams. 
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known that cracks appear load which about three-fourths the 
ultimate; and, slabs reinforced 4%, about: one-half the 
ultimate load. 

Mr. Eddy writes: 


slab action general may described partly the at- 
tempted mechanical superposition one set parallel depressions 
and elevations another set similar corrugations right angles 
them. Such sets mutually support each other and give rise slab 

This sounds mysterious, and will not enlighten any one; only 
shows that the author does not care express scientific 
real slab action, has been done, for example, masterful way, 
the Italian engineer, Danusso,* and others. 

There mystery about slab action. simply combination 
continuous beams acting least two directions, which beams are 
connected with each other and with the columns, and the deflection 
any point common least beams acting right angles 
each other. 

account the large sizes the columns and column heads, and 
the depression the floors the columns, the beams directly con- 
necting the columns, and the sides the squares, 
considerably greater stiffness than those parallel them and 
nearer the center the slab, and these beams have comparatively 
still greater stiffness than any diagonal beams, with the result that the 
mechanical action the whole slab must nearly identical with the 
action flat slab smaller span than the distance 
center columns, supported four wide girders depth some- 
what greater than the thickness the slab. 

omit take into account the presence the large columns 
and column heads, obtain the case considered Winkler and 
Grashof, who assumed the supports consist 
and who found that the bending moment the center the span 


VL. 
and over the columns and side the square when 


the total load the panel, the distance from center 
columns, and Poisson’s ratio The bending moments 
change only very slightly other values Poisson’s ratio are assumed. 
and respectively. Returning again the flat slab 
26.4 52.8 


combination four wide beams supporting smaller flat slab, 
only within reason assume that the wide girders have carry the 


same loads ordinary beams the flat slab supported 
narrow and deep beams. 


Cemento,”’ 1912. 
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here that one finds riotous license figuring most the 
advocates flat slab constructions. According most building or- 
dinances and accepted good practice, the bending moments beams 
supporting slabs must taken both over the supports and the 

7 


center the beams not less than (the latter factor 


account the triangular application the load over the beam) 


although theory shows that the bending moment the center 
LO 


the span only 


Now, the advocates the mushroom system are not satisfied fig- 
ure the bending moment the center the side beams the theo- 
retical moment, which only one-half the moment any engineer 
allowed figure when adopts common girder construction; they 


still further, and claim the right (according Mr. Eddy’s Equa- 


tion 34) figure this moment 
fo 


moment required the building ordinances. There hear again 
that they must right their constructions would fail the first 
application the design load, and that they are right because the 
extensometer readings bear them out. The writer has shown how 
are the results obtained extensometer readings; re- 
mains yet prove that the real bending moments the center the 
side beams are less than are required the building ordinances, 
otherwise their actually would not stand 

flat slabs supported continuous girders slightly greater 
stiffness than the slab, the Italian engineer, Danusso, has shown that 
the load slab distributed nearly uniformly over the girders, 
instead, with the triangular distribution found for yery stiff beams; 
hence the for beam supporting two adjoining 
ter, respectively. Engineers need not surprised that the bending 
moments for the stiffer side beams are just large those given 
Grashof for the whole width the slab. This case happens very often 
ordinary girder and joist construction. Assume, for example, 
flat slab supported parallel walls, ft. from center center. 


Which one-tenth the 


the supports and the cen- 


panels are theoretically and 


this distance spanned simple slab, the bending moment 


ft. from center’ center, which girders must figured for 


moment and the slabs between the girders must figured 
Cc 


for another bending moment. Hence the sum all bending moments 
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larger than the original moment 
Mensch. t 


generally less. 

beams which are larger moment inertia near 
the supports than the center, such the case with the large 
columns and column heads used, known, also, that the moments 
the supports become larger and those the center the span 
become smaller; taking also into consideration the fact that the span 
the side beams may safely diminished one-half the diameter 


yet the the construction 


the columns, the moments become most cases 


24.4 


cited Mr. Eddy, where depression the floor 


and 


Hence, the most favorable case, giving the mushroom 


system all the advantages continuous action, such not adopted 
any responsible designer any other class work, neglecting at. 
the same time all possible settlements, Mr. Eddy advises the use 
bending moment one-half what can possibly be, which readily 
explains the low factor safety. 

The advocates the mushroom system may claim that the diago- 
nal beams help support great portion the load which the side 
beams are assumed carry. Mr. Eddy, however, admits that the 
stresses the center the diagonal beams are generally found 
one-half great those the side beams; this, together with the 
fact that the span the diagonal beams 1.41 times that the side 
beams, permits the conclusion that diagonal beam supports only one- 
quarter the load side beam, and, fact, simply transmits the 
the interior the panel the side beams. 

Mr, Eddy adyises caleulating the diagonal beams the center for 


moment about which does not seem even 


for the simple the loads the side beams. Granting 
that the width the side beams may assumed four-tenths 
the span from center center columns, the width the interior 
slab six-tenths and the bending moment per linear foot the 
interior slab, according most building ordinances, must figured 


6 2 


66.67 


per lin. ft. the interior slab. 
150 
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remarkable that Mr. Eddy overlooked the fact distance 
between thé points inflection the sides the squares 
cording his own statements, the bending moment must larger 


the center the sides than 


respectively, while his moment corresponds 


The advocates many flat slab systems declare that the common 
beam theory does not apply flat slabs. The writer has never seen 
similar statement the works St. Venant, Winkler, Grashof, 
Miiller-Breslau, who, much more difficult problems than 
this, applied only the common beam theory, and particular, the case 
flat slabs was solved Winkler and Grashof that theory. There 
yet one defense open the advocates the mushroom system, and 
that the influence Poisson’s ratio, but Mr. Eddy himself 
states that, account bending moments opposite signs acting 
right angles the center the side beams, the stresses there are 
larger common beam; hence can use only for defense 
the low moments assumes over the columns, and claims that 
Poisson’s ratio must assumed one-half. This, however, 
mechanical impossibility, clearly excluded Grashof, simple 
change shape without any change the distance the molecules 
identical with Poisson’s ratio one-half. Over the columns 
have the most unfavorable combination maximum bending moment 
and maximum shear acting together the same section, and Grashof 
advised, even the case steel, reducing the stresses over the col- 
umns per cent. near the ultimate load, the concrete 
every direction around the columns, and the steel bars will 
hardly benefited stresses acting two directions, although the 
concrete compression may helped considerably. The percentage 
reinforcement being low, increase the compressive stress ‘of 
the concrete 50% will benefit the internal resisting moment less 
than cent. 

Mr. Eddy considers only the case all panels loaded, which 
more favorable one for the center all beams than that single 
panel, two panels loaded, and extensometer tests clearly bear this 
out. the discussion former paper this subject,* the writer 
has shown that the latter case the slab and the supporting columns 
and the columns above the slab form arch construction which 
the columns are very highly strained the negative moments the 
supports, and that the negative moments the adjoining panels are 
very small when the columns have larger moment inertia than 
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the slab. These conclusions were proved the ‘tests 
new factory the Shredded Wheat Company, Niagara 
Falls, Mr. Slater presented. the results the test paper 
before the meeting the American Concrete Institute Chicago, 
February, the floors were tested only times 
the total dead and live load, numerous fine cracks appeared, and the 
extensometer indicated steel stresses 15000 Ib. per sq. in. the 
slab and additional compressive stresses the columns, due 
loading panels one side the 400 lb. per. sq. in. 

Eddy declares drops the floors are. unsightly, bulky, 
and prefers the mushroom type, where the depression 
the floor omitted and replaced ring the neutral 
axis the slab. That this advocates very poor construction, not 
countenanced any reputable engineer, may seen from the detail 
the slab the Northwestern Glass Company’s Building, cited 
Mr. Eddy. The column caps scale in, diameter, the dead weight 
the floor 120 lb. per sq. ft., the live load 400 lb. per sq. ft., and 
The floor slab in. thick, and the sectional area 
141 440 per sq. in. the total section, about 
220 per sq. in. for section the depth building ordi- 
nances allow only shear 125 lb. per sq. in. the section depth 
jd, and prescribe the use bent-up bars and stirrups the section 
great shear; the, other hand, the advocates the mushroom sys- 
tem and their imitators take another license step over ordinances 
and sober reasoning, allow high shear, and scientific reinforce- 
ment for shear whatsoever. 

When called for allowing such high shearing stress, these 
experts defend saying that only “punching shear” acting. The 
writer does that “punching shear” term common en- 
gineering, but, means anything, must mean pure shear, like 
that true punching operation, when practically bending stresses 
are acting the material which being punched. have shown 
before that around the columns the maximum moment and the maxi- 
mum shear are acting together, and that the stresses must reduced 
and not increased that section. 

great many thoughtless erroneous statements 
reference slabs may found most articles published 
this subject current engineering literature, and example 
Table 15. 

From Table would appear that flat slab, ft, span and 
thickness in., contains per panel 784 lb. reinforcing steel, 
designed according Grashof for total dead and live load 300 


3 
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Ib. per sq. ft. The writer has shown that Grashof’s moments for 


center and the sides the square and ——— 400 


W.L 
100000 ft-lb. for the entire width the panel, per lin. ft., 2500 
and 000 ft-lb., respectively. 
TABLE 15. 


Thickness slab, Steel per 
inches, pounds. 


This table from discussion Am. Soc. E., Proceedings, Am, 
Soc. C. E., for August, 1918. 


Adopting allowable fiber stress for the reinforcing steel 
13000 (although too high for mild steel where factor 
safety desired), and assuming the distance center 
reinforcing the compression face in. (which trifle too 
small for the center the slab and considerably too large for the sides 
the square), find that the sectional area the reinforcement 
for bending moment ft-lb. per lin. ft. the center the 
slab 0.33 sq. in. and double the area required the sides 
the square. 

Where the negative reinforcement obtained bending all bars 
the quarter point, and continuing the rods the quarter point 
the adjacent panels, the weight the steel reinforcement per linear 
lb., and for the entire panel both directions 1360 
very poor practice bend all bars; this would not permis- 
sible any girder construction account reversal moments 
which may occur settlements and unfavorable loadings other 
panels. Assuming that one-third the bars are straight and extend 
only ft. beyond the center line each end, and that, therefore, extra 
rods are required top over the sides the square, find that 
least 340 lb. additional reinforcement must placed each panel, 

Hence, according Grashof, requires continuous panels 
least three times much steel used the Turner system, provided 
that the statement Table regard the Turner system cor- 
rect. Inasmuch have design for the case only two panels 
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loaded side side, requires great deal more ‘than 
the 1700 not counting the additional reinforcing which abso- 
lutely necessary the columns overcome the bending stresses pro- 
duced one-sided loadings. 

The writer begs not misunderstood being opponent 
flat-slab constructions. was the first use flat slabs 
large for built two slabs, 100 square, the new 
plant the Proctor and Gamble Company’s soap works Armour- 
dale, Kans., 1903, and has built many others since. protests, 
when engineers and contractors (who, rule, have all 
gain and nothing lose), represent versatile agents that flat floor 
constructions, designs advocated Mr. Eddy, are good as, 
better than, girder constructions, which actually have factor safety 
more, they are designed according the Chicago Building 
ordinance, for example, and they are constructed wonder 
that they can show unsuspecting architects and great sav- 
ing over all other designs, and, being able mention great number 
examples buildings which did not fall down (having factor 
safety about 2), are believed the owners and architects very 
wizards the art reinforced concrete construction. 
however, that flat slabs show slight saving (even they are designed 
for factor safety over girder construction the same factor 
safety. The writer has not the reputation wasting any material 
the structures which designs and builds; being contractor, 
would simply diminish his profits, yet can mention number 
examples which were actually loaded with about four times the total 
dead and live load without breaking down. 

December, 1902, girder the Salvation Army Building, 
Cleveland, and designed for load 100 Ib. per sq. 
was tested with 100 000 which about times the total dead and 
live The girder showed some cracks, but indication near 
failure, and the permanent deflection was in. 

the spring 1905 the writer built furniture storage house for 
the Brown Transfer and Storage Company, St. Joseph, Mo. The 
structure was designed for live load 100 per sq. ft. the 
fall 1905, when the writer started another building for the same 
company, found that the building was rented the Parker 
Grocery Company (which lost its own building fire) and was loaded 
all over the ceiling with canned goods weighing least 600 Ib. per 
sq. ft., that both floors withstood nearly four times 
the total dead and live loads. 

1905 the writer designed and constructed building for the Seng 
Company, Dayton Street, Chicago. The building was designed, ac- 
cording the new Chicago ordinance for reinforced concrete, for 
live load 100 Ib. per sq. ft. account some failures 
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erete buildings all over the country that time the owner refused 
payment the building the work progressed until such time 
the writer could prove that the building had factor safety 
the presence great number engineers and architects, the 
writer tested one panel, only one month old, December, 1905, with 
600 per sq. ft. The girders and slabs and cracked consid- 
erably, but did not fail under the load, which remained there hours. 
The permanent deflection was only in. 

These examples should show that girder and slab con- 
structions, correctly designed and built, have factor safety 
least and there question that flat slab can made 
safe any others, but the writer claims that flat slabs designed ac- 
cording Mr. Eddy’s formula have only factor safety under 
the most favorable circumstances. 


testing operations completed structures has shown, what many 
have known, that reinforced concrete structures their working 
loads service the help tensile stresses the concrete. The 
stresses the steel may not more than one-half one-third those 
would the ordinary formulas, which neglect 
these tensile stresses. 

For the purpose standardizing design, and matter safety, 
the conventions the building codes properly omit these tensile 
stresses. cannot ignored, however, when the complete action 
the structure accounted for under working loads. 

The variability the quality concrete not only makes de- 
sirable omit these tensile stresses for design, but 
also renders the steel stresses, which are measured tests buildings. 
very uncertain factor; that say, the measured stresses the 
steel depend very largely the quality the concrete. Good con- 
may relieve the steel the greater part its expected moment 
resistance. 

follows, therefore, that, judging the mechanical action any 
type structure, more attention should paid the measured com- 
pressive stresses the than the measured stresses the 
steel. 

this paper seems the writer misnomer, for the paper 
deals exclusively with very special type slab, both regards its 
support and reinforcement. exposition the peculiarities 
widely exploited—although means universally approved— 
commercial system construction, paper apparently quite 
complete, yet seems contribute little the solution the gen- 
eral problem the flat slab. 
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The writer not great authority reinforced so, even 
avoiding—as will—the pitfalls mathematical controversy, 
with proper sense his own temerity that ventures into this 
discussion all. The crushing weight practical experience and 
empirical data under which Turner,* Am. Soe. 
flattened out Mr. Nichols’ purely theoretical paper, tends induce 
others. Yet the writer has had certain limited opportuni- 
ties for observation, and has even gone far use 
hence feels modest interest the sub- 
ject. 

Mr. Godfrey, Mr. Thompson, and Mr. Eckles have all dealt ably 
and detail with certain phases this paper that the writer will 
attempt avoid going over any the ground already covered, yet 
cannot refrain from expressing surprise that the author has 
cepted and applied the principle Poisson’s ratio flat slab 
concrete. The use this principle connection with the 
limited tensile strength the concrete itself might possibly apply, 
but certainly cannot properly used with the small 
rods. 

regards the effect compressive stress two directions, how- 
ever, the writer believes there can question, and the pres- 
ent case, this may factor real importance. This especially 
true case where single bay floor system under test, for 
the “dishing” tendency such bay under load will plainly produce 
convergent compressive stress the upper part the concrete slab 
inside the neutral zone surrounding each column head. This com- 
greatest the center the slab, and its lines will approximately 
radial convergent this point. 

not open question that homogeneous material, under 
compression two intersecting planes right angles one another, 
will show much higher resistance per unit area than will the 
case the stress applied only two opposite Carrying this 
one step farther, must admitted that homogeneous body, under 
compression all sides equally, cannot yield except the extent 
its own elasticity. 

due weight given the greater resistance the concrete 
under convergent compressive stress, have the present case 
reversed “Poisson’s ratio.” This, though probably without influence 
the stress the steel, would seem capable producing notable 
effect the observed deflection under load, for the modulus elas- 
ticity the concrete under conditions convergent stress would 
probably much higher than when the stress not convergent. 

connection with the discussion the problem flat slab design, 
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would seem pertinent comment the all but universal practice 
equal spacing the reinforcing steel the seems 
the writer very strange that steel should placed close and parallel 

with beam supporting one side slab, fact that equal spacing 

steel should used any part the slab. the steel parallel 

and close beam, obvious that can subjected only 

very light stress tension, and, above the neutral axis the 

beam, may actually placed compression. such position 

can only serve the purpose supporting shear its ends, and, for 

the greater part its length, useless. 


Fig. 21. 


The equal spacing reinforcing steel has always seemed irra- 
tional the writer. good many years ago suggested the systems 
spacing shown diagrammatically Figs. and 23. this system 
the spacing the steel logarithmic both directions 
from the center the band. Fig. the two systems rods are 
parallel the beams, which are assumed supported columns 
each corner the bay considered. 

apparent that, with the arrangement shown, the maximum 
quantity steel the center the slab, where the moment 
greatest, and decreases toward the sides, that near the corners 
the slab little steel evidence. Fig. the loading the beams 
will apparently severe, and the transmission the load the col- 
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umns less than would the case the conventional equal 


spacing the steel followed, that the arrangement shown this 
figure only suitable for relatively small bays, supported deep 
beams. The writer believes, however, that this system the ef- 
ficiency the steel may nearly doubled compared with the 
conventional equal spacing. 


7 


SA KZ 


== 


Fic. 22. 


the system suggested Fig. notable economy concrete 
the beams will attained. will seen here that, though the 
same principle steel spacing—has been 
used, the loading the beams greatly reduced toward the center. 
The beams the column heads serve transmit the load, 


= 
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already well concentrated, very directly the columns, while the 
system spacing could hardly fail produce condition very 
uniform stress the steel than possible with equal 
spacing. 

imperfect perception. this principle seems have 
formed the basis Mr. Turner’s mushroom floor design. provides 
additional, steel the areas maximum bending the 


23. 


unsupported center his slab and over the expanded heads his 
columns—yet, his standard construction, find, the result 
his spacing steel, that his “lines weakest section” fall within 
certain zones relatively scant reinforcement. Now, scheme 
reinforcement which such latitude exists for the distribution 
steel, would seem that should possible devise system 
under which, theoretically, there would “lines weakest sec- 
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tion”, and the writer ventures believe that the principle steel 
distribution shown diagrammatically Fig. were applied Mr. 
Turner’s floor, such “lines weakest section” would relatively hard 
find—ignoring this, however, all questions shear around the 
tops the columns. This Fig. obviously Mr. Turner’s general 
scheme, except for the change system spacing steel, and the 
consequent avoidance the irrational equal spacing and abrupt 
changes the quantity steel shown his standard construction.* 

The significant possibilities the suggestions made herein the 
writer will better realized considering the author’s remarks 
page 1356: 


“Tt will noticed that the central area the panel, where 
moments are positive, the stress the diagonal rods greatest 
the middle rod.” 


With full freedom space the steel where does the most good, 
why should any such condition exist? 

Although the writer fully realizes the advantage head room 
offered Mr. Turner’s system, actual design based the prin- 
ciples shown Fig. would probably but little inferior this 
respect, and would much more adaptable ordinary construction 
methods and materials. The crossed beams over the 
will perform the same functions the expanded circular heads 
the Turner columns, and will avoid their abrupt limits support; 
and the apparently possible reduction depth the beams under 
the suggested system will sacrifice but little head room. 

The writer submits these comments and diagrams possible 
interest connection with the general problem floor slab design, 
and merely intends call attention certain very general possibilities 
that may have value. has not made any theoretical analysis 
this suggested system reinforcement, the possible divergencies 
method and assumption are great, and the complexity its 
mathematical discussion certain, that unwilling deny these 
pleasures those vivisectionists who delight such 
labors. 


this paper, borne mind that the author has evolved 
theory which the deportment slab under load can readily 
predicted, that is, standard “mushroom” construction under 
normal conditions. theory which enables exact calculation de- 
flections and gives satisfactory agreement with steel stress under load, 
cannot dismissed with the criticism that there error 
measurement one side bar which was quite likely kinked 


*See page 1353, Proceedings, Am. Soc. E., for August, 
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placing, and the fiber stress—not the average stress, determined 
this excellent, but too frequently misleading, method measurement— 
which cannot considered average stress except when proved 
its accord with the deflections. 

sponsor for the original successful flat slab construction, the 
writer may say, answer Mr. Godfrey, that has never knowingly 
submitted for the adoption appropriation the Engineering 
Profession large. 

Prospective purchasers, however, have frequently submitted the 
construction other engineers for approval. 1908, the John 
Deere Plow Company and Leonard Construction Company, submitted 
Mr. Talbot conscientiously investigated number buildings and 
finally reported the effect that knew would carry the load, but 
could not figure its strength, and advised the owners secure 
bond $50000 guaranteeing certain test The bond was 
furnished, and the test was just what had been guaranteed— 
more, less. 

Since that time, the bond argument has been more fully established 
the criterion what the owner get; and owners 
insisted bond being furnished all engineers employed them, 
there would undoubtedly fewer concrete failures with loss life, 
though perhaps might result considerable diminution the 
number concrete experts and perhaps few bankrupt engineers. 

The term “mushroom” has been applied somewhat promiscuously 
designs not approved the originator the system, and not built 
with his standardized specification and practice, the 
case cited Mr. Eckles. 

Having introduced the mushroom system about 
worth buildings and bridges, spans from ft., the past 
seven years, the writer may state that more testing has been done 
and larger bonds written guaranteeing its strength than for any other 
kind concrete construction: 

Although inexperienced men have not infrequently removed forms 
too soon, and although has been built all temperatures from 
100° above 24° below zero, Fahr., there case record 
collapse its construction mishap resulting loss life. 

When considered that has been put Australia, India, 
the West Indies, throughout Canada and the United States, the record 
achievement must have behind something more than mistaken 
ideas, particularly where deflections under test are successfully 
guaranteed. 

Mr. Thompson objects Mr. Eddy’s treatment the use large 
Poisson ratio. There is, indeed, some ground for this objection, 
that concrete and metal form heterogeneous combination and 
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not have properties identical with homogeneous material. The 
writer cannot concur Mr. Godfrey’s view, which attributes 
the direct tensile strength concrete such wonderful values 
account for test results. Evidently, Mr. Godfrey has never conducted 
time endurance test determine the basis for his assertion. 

The views both Messrs. Godfrey and Thompson remind the writer 
the recent opinion the Court Appeals the Eighth 
which the conclusion was reached that reinforced concrete slab was 
that is, the sum the functions the independent 
individual parts. Thus, this basis, its strength should fig- 
ured the sum the flexural resistance the rods and that 
the separate respective units. Bearing mind that the 
rod reinforcement has hardly bending resistance sufficient carry 
its own weight, without deflection beyond respectable limit, this 
theory could practical assistance the concrete. 

The Court, basing its opinion the fundamental error involved 
the position Messrs. Thompson and Godfrey, presents logical 
reductio absurdum worthy serious consideration the concrete 
theorist. 

The missing link the chain rendering the opinion errone- 
ous the disregard the property added concrete the intro- 
duction steel, and this property has never received satisfactory con- 
sideration any writer the subject; the writer refers bond 
shear. neglect this same property which leads Messrs. God- 
frey and Thompson into logical absurdities. 

Bond shear variously defined adhesion, shrinkage grip the 
the steel, bond causing the two act unison. 
shear along the rod, however, must result the development in- 
direct stress, which plays important part the mechanics 
beam slab reinforced concrete. 

This shear equivalent tension and compression 45° 
the surface the bar. depends for magnitude the increment 
stress the rod, caused change value the true moment. 

reinforced concrete beam the value the bond shear passes 
through zero the center the beam, and maximum toward 
the end, The result this relation that, beam with small 
percentage metal, failure the center, and one with 
large percentage metal and having the same form, failure occurs 
diagonal tension point between the center and the end, induced 
these indirect stresses. These bond stresses may looked 
lines force emanating from the surface the bar and follow- 
ing the law distribution force through mass, varying intensity 
inversely the square the distance from the point origin. 

any structure equilibrium the stresses are disposed that 
action and reaction are equal. The indirect tensions set bond 


DISCUSSION STEEL STRESSES FLAT SLABS 1419 


shear, the case beam, are held equilibrium only the direct 
tensile strength the concrete itself, and hence, while this intact, 
newly cast beam for initial small load, large part the 
potential energy internal resistance stored these stresses, 
and the steel stress correspondingly low. the load increased, 
however, the concrete becomes overstrained the indirect tension 
the bond shear, and yields cracks. The potential energy stored 
virtue the tensions generated the bond shear then dissipated, 
equilibrium destroyed, and motion results the form increased 
deflection. Increased deflection means generation new active energy 
the downward motion the load, stored turn poten- 
tial energy the structure, and the steel element, which has not 
been overtaxed, stores this new energy increased stress, and 
ineorrectly stated the engineer that the concrete 
has thrown its burden the steel. 

the flat slab, however, those indirect stresses react on, and are 
held equilibrium by, each other, without into action 
cumulative manner the direct tensile resistance concrete. 

Whether are dealing with beam slab, must depend 
absolutely the bond shear. The beam unscientific, 
because does not oppose molecular deformation 
sistance the reverse kind stresses small particles, done 
the flat slab the mushroom system. 

Applying the simple fundamental laws physics these lines 
force, may work out fully the mechanics the beam and the 
flat slab. The correlation hooping and vertical steel column 
also covered and explained these same fundamental laws. 

Mr. Godfrey entertains correct ideas about columns, but would 
impossible for him explain the basis his theory 
columns without understanding and admitting that his notions about 
flat slabs are very erroneous. 

Verily, Marsh says, when properly combined with metal, con- 
crete appears gain properties which do. not exist the material 
when used itself, and even the most mystified individual the 
subject the value the Poisson ratio should able understand 
such simple relations may readily developed thorough dis- 
cussion bond shear. 

The laws action indirect stress should noted: 


Indirect stresses may react through the concrete conductor 
from bar bar, provided both bars are generating indirect stresses 
reverse directions. 

These stresses cannot react from one bar another when one 
bar under strain and the other not, because the law physics 
governing the distribution stress through mass; the stresses, lines 
diverge and cannot converge, they can only react 
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each other through the concrete conductor enabling divergent lines 
force meet and 

The same law limits the efficiency the action these stresses 
through short distances, demanding close spacing and relatively small 
sections. 

follows, from the preceding consideration, that the flat slab 
differs from the beam that indirect stresses may react through the 
from rod rod without bringing about such accumulative 
stress the concrete beam design. This element resistance, 
therefore, dependable the mushroom slab, though not 
beam. the latter crack the concrete cuts off all longitudinal 
moment-resisting forces the concrete across the cracked area, 
throwing the entire burden the steel, hence, the beam, can 
depend the steel only resisting moment. the mushroom slab, 
however, crack merely cuts off few lines indirect stress, reacting 
crosswise from bar bar, relatively insignificant its effect 
the resistance the mass, each segment little area almost 
independent others the operation the bond shear stresses 
reacting from rod rod across short distances. 

follows, from the foregoing that the Engineering 
Profession generally laboring the dark concrete design, be- 
cause illogically disregards the connecting link between the concrete 
and metal, thus rating inferior and inherently dangerous construction 
more favorable basis than scientifically designed work. Then, 
when failure some innocuous sawdust minor defect 
blamed for lack the theoretical and knowledge, which 
should be, but frequently not, possessed the engineer. 

Suppose, now, apply the fundamental laws previously outlined 
the flat slab the mushroom system under uniform load, and com- 
pare with linear reinforcement for the cantilever part. 

Clayperon’s theorem, the internal work deformation equals 
the product the mean applied multiplied the movement 
its point application. 

Let equal the quantity energy stored the linear cantilever 
and the circumferential cantilever with which propose com- 
pare it. 

the linear cantilever, the potential energy stored the steel 
stored only one direction, that the length the beam. 
the circumferential cantilever, however, stored both radial 
and circumferential and the manner storage must 
investigated before comparison can made. 

Taking circular section about the columns under uniform load 
and with unit spacing bars, have radial deformation, 
have circumferential deformation, The radial and cir- 
cumferential deformations, however, are the same per unit, and there 
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are units radially the circumference one circumferentially, 
hence the energy stored circumferentially and radially substantially 
the same. 

Although the circular deformations are coincident with and deter- 
mined the radial deformations, evident that the radial de- 
formations alone determine the vertical geometry the slab; hence, 
the circumferential cantilever, have half the potential energy 
stored such manner that produces vertical deflection, which 
has most important bearing presenting logical comparison. 

well-recognized fact that board stiffer and stronger 
edgewise than flatwise. The beam edgewise construction, 
compared with the mushroom slab construction, yet the slab construc- 
tion competes with the beam new different mode operation, 
such that slab having the circumferential reinforcement the mush- 
room type stiff continuous beam double the depth and 
the same cross-section metal. 

Let the mean load and the mean deflection the linear 
cantilever. Let =the mean load and the mean deflection the 
circumferential cantilever. Let the potential energy stored 
under these loads the two respective structures, the loads and 
flections being such that the same for each, then, 

Now, half the energy stored the circumferential cantilever 
manner produce deflection, have the relation that 
H,, but the same for each structure, must equal 
W,; or, the deflection were the same, then W,, 
the circumferential cantilever four times stiff the linear canti- 
lever. 

This simple mathematical proof demonstrates the absurdity 
the beam strip theory presented the Joint Committee its report 
and Mr. Godfrey his discussion, compared with true slab theory. 

The theory work may readily extended verify Mr. Eddy’s 
scholarly analysis both deflection and stress, but the writer has not 
the leisure present this present contribution. 

From the preceding discussion, apparent that the coefficient 
used Mr. Eddy not Poisson ratio the sense that 
characteristic elastic homogeneous material, but coefficient 
the lateral efficiency the new property added the 
slab the bond shear. Failure realize this fact seems 
the root the difficulty met some harmonizing their con- 
ception the laws statics with plate action. 

The plate concrete only ingenious imitation 
the homogeneous article, and its coefficients necessity are de- 


There could evidently lateral efficiency this property beam, because the 
steel extends only beam lines. 
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pendent the connecting link bonding the heterogeneous materials 
together, producing true combination and joint action. 

perfect imperfect imitation the extent that equality 
strength throughout the respective tension zones secured. 

The construction shown and recommended the work Messrs. 
Taylor and Thompson exceedingly deficient this respect, because 
the circumferential cantilever crossed rods does not extend and 
beyond the line contraflexure; hence the circular resistances are 
inefficient properly reducing the radial stresses and about the 
support, necessitating large steel mid-span and de- 
veloping weakness the support, requiring for strength large 
and ungainly column head. 

Mr. Thompson’s conclusion, based experiments 
designs, accordingly, are not applicable standard construction. 
places too much dependence the absolute reliability one two 
measurements the cap and just inside the cap. That this 
may seen from measurements made less able investigator 
destruction mushroom slab.* this test two rods the top 
the slab the edge the showed slight compressions, though 
all the spokes would indicate that they should have shown tension. 

Now, little kink the bar, made handling under con- 
struction, may readily cause just such contradictory results, and 
sound judgment, accordingly, necessity, results are rightly 
interpreted, 

Mr. Thompson’s idea that the maximum tension borne 
greater over the support could questioned the writer the 


these observations did place like dependence single 


abnormal measurement. prefers, however, not such 
measurements scientific and aceurate determinations average 
stress across the sectional area, there being check the opposite 
side the bar. 

prefers trust the practical results has observed several 
thousand acres this floor every-day use for years, affording 
criterion its strength and safety, rather than depend entirely 
extensometer measurements fiber stresses which occasionally 
show compressions over where the theory gravitation and 
the laws mechanics show that tensions must necessarily occur. 

prefers also place his confidence the principle rigidi- 
ties, and conservation energy, basis for the correct analysis 
the mechanical action flat slabs, rather than the opinions 
any engineer any committee who have evidently reached theoretical 
views not harmony with these principles. 


Described Engineering News some time ago, 
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(by Godfrey has taken the opportu- 
nity repeat his objections and warnings against the use flat slabs, 
and especially insist that, whatever may the true theory 
interior panel flat slab indefinite extent and uniformly loaded, 
that theory cannot apply either single loaded panel ex- 
terior panel, and, further, that the theory under discussion involves 
reliance direct tension the concrete. 

The full treatment these questions involves multitude 
details, including bending moments columns, cantilever action, 
direct and indirect stresses concrete, bond shear, shock due 
moving loads, the conditions under which beam action prevails over 
slab action, etc. These questions and criticisms have been raised 
before Mr. Godfrey, connection with the discussion Mr. 
Nichols’ paper,* and have been answered detail. Ultimately, de- 
pendence must placed the facts they appear test and prac- 
tice, rather than statements what must occur 
consequence views held theoretical questions. 

The the entire matter seems lie the question direct 
and indirect stresses concrete, the latter being those called into play 
bond shear and the former bending. 

The indirect tensile and compressive stresses the concrete due 
bond shear enable the rods the belts which cross each other 
co-act with each other under tension and cause the slab exhibit 
effects similar those measured flat plates Poisson’s ratio. 
evident that long the bond intact the surfaces the rods, 
the indirect stresses—which necessarily have the same numerical in- 
tensity the bond shear—do not exceed the strength the concrete, 
and the mechanism for the same kind interaction exists the slab 
the plate. This phenomenon, therefore, must taken account 
one case much the other. Consequently, the value 
for slabs inextricably bound with the question bond shear and 
indirect stresses the the tensile zone. general dis- 
cussion the numerical value will taken this time, 
other than remark passing that, order that homogeneous 
solid may remain constant volume, necessary from geometrical 
considerations have value which undergoes greater 
less diminution case various actual solids, their 
volumetric elasticity. 

Likewise, order that material sheet surface may remain 
constant area, geometrically necessary that where 
refers lateral distortion the plane the sheet surface, 
does slab, and has nothing with changes thickness the 


Limitations Upon the Steel Reinforced Concrete Flat Slab 
Proceedings, Am. Soc. E., for April, 1913. 
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sheet. For sheets various materials, this value will dimin- 
ished according its areal elasticity resisting forces tending 
stretch its plane. 

All concrete construction the effectiveness 
and reliability bond shear. Without its action, beam slab could 
endure, but its action not only effects all the results pro- 
duces beam, but must necessarily cause the slab exhibit addi- 
tional properties due the interaction multiple-way reinforcement 
consisting wide belts rods contact with each case the 
belts are made numerous parallel rods with spacing comparable 
the thickness the slab, the slab sufficiently fine-grained act 
very much were uniform texture but formed some 
material not the same either its constituents. 

entirely beside the mark for Mr. Godfrey argue that, be- 
cause this composite material has reinforcing rods, and Poisson’s 
ratio does not apply rods considered separately, that this ratio, 
therefore, has application material like slab which rods 
form integral part their intimate union with the concrete, just 
truly the were made into single sheet and 
combined with the concrete, although, course, the value would 
not identical the two cases. 

What the physical and mechanical properties such slab may 
cannot well predicted with certainty, although may pos- 
sible give rational explanation what experiment may show its 
new and unforeseen properties be. Whenever such slab undergoes 
flexure which causes assume dish-shaped deformation, the pe- 
culiar and unexpected properties appear; but just this ques- 
tion dish-shaped deformation slab that Mr. Godfrey has ex- 
pressed views least accordance with the facts. 

Suppose, for example, long building with two rows columns 
parallel the long sides, and panels nearly square, that there are 
three tiers panels lengthwise the building, one long interior 
tier being between the two long wall tiers. Now, suppose heavy loads 
placed three panels tier bay extending across from 
wall wall. the writer understands Mr, Godfrey, thinks that 
such arrangement loading would produce critical stress 
mushroom slab much greater than would occur the loading were re- 
moved from either two the three panels. might this were 
not for the wall supports and the stiff heads; but fact the reverse 
true. The walls entirely prevent the formation the ends any 
such cylindrical trough across the slab, and the stiff heads and walls will 
tend. accentuate the hollows parallel the long walls, rather than 
those perpendicular them. 

The experimental test which Mr. Godfrey relies prove his con- 
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tention has little bearing the slab question, for similar rea- 


sons. 

The panes glass which experimented* had continuous 
support the edges, such slab has, say nothing additional 
local stiffness the points support furnishing these points mo- 
ments several times great those found elsewhere. 
The plates were not clamped practically immovable supports 
make them act manner all similar floor slab such 
that under discussion. Consequently, these plates would not act like 
floor slab all, and the assumption that they would entirely mis- 
leading. just stated, the behavior glass plates supported this 
manner would the reverse the slab, that the troughs the one 
would accentuated direction different from those the other. 

This and other matters the diseussions connected with Mr. 
Nichols’ paper directly controvert the statements Mr. 
which evidently regards incontrovertible, has made these 
statements number times and they have never been controverted, 
says; and all this will without contravening any law 
Nature. 

All engaged concrete design and construction should equally 
desirous, with Mr. Godfrey, that should conservative and safe, 
and also that adopted where can safely done cost 
moderate permit fire-proof place combustible construction, 
cannot there are unreasonable requirements. 

not lightly assumed that any concern which has been re- 
sponsible for the design about two thousand structures this char- 
acter without failure, and with inside opportunities for knowing with 
certainty what can depended on, and having also enormous financial 
interests stake, may not good judge what can and ought 
done this field. 

Mr. Godfrey refers paper the writer entitled 
tive Test Two Full-sized Reinforced-Concrete Flat Slab Panels,”+ 
and tries convey the impression that the manner loading and the 
design the columns were responsible for the good showing made 
the mushroom slab. states that the test slab was loaded with bal- 
ancing loads, meaning that that the load the over-hang beyond 
column centers reduced the stress the central panels greatly 
make the stresses the steel small and misleading. 

will noticed that Mr. Eckles asserts that his experiments 
showed greatly increased central deflections due extending the 
loading into the panels the sides the panel tested. These contra- 
dictory views cannot both true. 


* Proceedings, Am. Soc. C. E., for August, 1913, p. 1361. 
+ Engineering News, March 27th, 1913. 
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The truth that neither them represents the facts. there 
anything that has been established numberless load tests 
mushroom slabs, that the standard mushroom slab the central 
deflection and stresses interior are not affected any ap- 
preciable extent the loads surrounding panels. very small 
effect has been discoverable the centers, panels situ- 
ated diagonally, but mutual effect between panels beside each other. 

This fact, which would first sight seem inexplicable, appar- 
ently the result close balancing two opposing effects, viz., any 
load just outside panel will have tendency lift the center the 
panel, but, the same time, will tend increase the deflection 
the side belt between and the center the panel. Any such deflec- 
tion the side belt will have tendency increase the deflection 
the center the panel. Whether the lifting the increase de- 
flection preponderates depends the relative rigidities the belts 
and the slab and column heads, with the result stated above. Not 
having at. disposal sufficient data other types construction 
state conclusions with certainty, the writer has refrained from doing so, 

The panel tested Mr. Eckles was corner slab. may 
have been mushroom slab general design without having any fea- 
tures the system this corner panel beyond one mushroom head 
one the four corners. More details are needed order show that 
the system any way responsible for the results 
test. The writer has not attempted give analysis for such 
design wall panels differently from interior 
panels, but that argument against the approximate correctness 
the analysis for interior panels. 

return from this digression Mr. Godfrey’s criticism that the 
results the test slab were due balancing loads the over-hang: 
The tables and diagrams the test show that Loads and 
which were the ones particularly relied for showing the behavior 
the slab—the loading resting directly the panel was more than 
twice great that the entire surrounding over-hang, the 
case all the other loads, that the panel itself was greatly excess 
that the over-hang. These, consequently, were not balanced 
loads, and besides, there was loading whatever the areas above 
the column heads for Loads inclusive, and large loads later. 
The loads were applied over area the form Greek cross, with 
the intention that whatever load might applied would effective 
the mushroom slab than its competitor. 

The columns were in. square and ft. in. from top footing 
bottom slab, and not, Mr. Godfrey asserts, “about half 
thick their height.” Their diameters, well those the mush- 
room heads, were the usual relation the span. This structure cor- 
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responded basement floor slab, but, because there were upper 
floors, the columns necessarily had very small load stresses per square 
inch. That, did not affect the resistance the columns would 
afford unbalanced moments, except render the columns subject 
actual tensile stresses their rods reason the 
small superimposed load. The columns were disadvantage for this 
reason and also because the unbalanced bending moment the slab 
was not resisted the stiffness columns extending upward well 
downward from the slab, would occur building. That may 
possibly regarded partly offset the fact that the columns were 
only ft. in. long, but there was such divergence between usual 
conditions and those this test Mr. Godfrey asserts. 

Nevertheless, this test was not made (us seems assumed) 
demonstrate the strength this form construction, per se, but 
make comparative test between and another form construction, 
and demonstrate that though one operated the principle the 
beam the other did not. 

The writer had nothing whatever with the design the 
slab the arrangement carrying out the test, except suggest 
the Greek cross the ground plan the loading. The data obtained 
were submitted him for discussion. Mr. Godfrey any one else 
has the opportunity discuss them and come any conclusion the 
figures will support. Innumerable load tests standard mushroom 
slabs have been made. This test was not made find out anything 
about the elastic behavior mushroom slabs, about which there was 
any real doubt lack knowledge those designing these struc- 
tures, but put the facts evidence, and further establish their 
manner failure when stresses are carried beyond the yield point. 
This last was most important piece evidence which had not here- 
tofore received such experimental certification settle beyond 
dispute. 

would seem the face this test full-sized slab, 
which all the details are carefully tabulated reliable observers 
such form admit complete comparison with any other tests, 
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might least afford good foundation which base 


sions the experiments made Mr. Godfrey couple glass 
plates under conditions not accordance with those obtaining 
floor slabs, and yet Mr. Godfrey intimates that absolute dependence 
placed the indications his glass plates, and that the slab 
test should disregarded untrustworthy. 

may that Mr. Godfrey believes that this test “has not even 
theoretic interest”, but may find difficult persuade any 
agrée with him except those who are wholly blinded prejudice 
interest unwilling that any reinforced concrete struc- 
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tures shall built for use unless designed such innocuous man- 
ner “out the running.” 

Mr. Godfrey has also repeated his the 
unreliability reinforced concrete construction under rolling jar- 
ring loads, and seems regard his mere assertion sufficient settle 
the question this case also. order show how groundless this 
opinion, which apparently has other foundation than his own say 
so, the writer would quote from Hatt,* Am. 
follows: 


well known that because its lack elasticity, 
absorbs deadens vibrations, and the sound thereby. not 
probable that vibrations reach the steel. The speaker has knowledge 
many experimental attempts loosen the bond shocks and vibra- 
tions. far smooth bars encased concrete that have been sub- 
jected shocks and long-continued vibrations seem not have lost 
any their original strength bond. Likewise the the 
compression side reinforced concrete beam that has been loaded 
and released from load some 500 times high working stresses seems 
not have been substantially weakened thereby.” 


For, far these experiments go, they give ground whatever for 
Mr. Godfrey’s statement, into which would seem have been led 
applying line reasoning derived from the behavior all-steel 
blow any point steel bridge propagated longitudinally 
along elastic members extending linearly from the point, and goes 
practically undiminished the farther ends those members, where 
subdivided among other members and propagated still farther. 
allowance 90% usually added for impact the effect 
moving load. 

Impact, the effect blow any point reinforced concrete 
slab, however, entirely different from this. the first place, the 
effect the blow does not travel one direction only, but all 
directions radially from its point application, that very 
thin slab, its effect any other point would inversely the dis- 
tance, and very thick slab inversely the square the distance. 
This would make the allowance for impact slab-very small. 

Secondly, the effect impact must inversely proportional the 
weight the body receiving the blow. may assumed that steel 
costs, from twenty thirty times much per reinforced con- 
crete, and the effect impact steel structure costing the same 
slab would from twenty thirty times much, for that 
reason, 

Thirdly, the continuity and stiffness the slab greatly reduce its 
vertical, lateral, and torsional deformations below those steel 
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structure. The work done during impact, and its effect, depends 


the amplitudes the deformations. particular, the horizonta 
resistance slab many thousand times that steel structure. 
The vibratory energy. absorbed slab during conse- 
quently 

Fourthly, the small amount energy, which absorbed not 
transmitted (as highly elastic and resilient structure) 
considerable distance the slab, but, owing the nature con- 
crete, dissipated near transformed into heat, and rapidly 
absorbed. 

Fifthly, slabs are tough, and not brittle, like terra for example, 
that, cases where great weights have fallen them, little effect 
has been produced, whereas brittle slabs have been smashed under such 
circumstances, and have failed. 

The concrete the compression zone such shock-absorber 
protect the tension zone from jarring and vibration, both regards steel 
and concrete well. 

For all these reasons the shock which rolling load imparts 
slab inconsiderable, and absorbed and dissipated readily that 
negligible factor, instead being such important and over- 
shadowing consideration (as Mr. Godfrey says) prevent its safe 
use railroad viaducts and the like. 

support these contentions the facts respecting the concrete 
railroad bridge, Fig. 24, which the track the Soo Line between 
Chicago and Minneapolis over Wilson Street Amherst, Wis., are 
instructive. slab girder, ft. in. wide and ft. in. 
thick, with reinforcement excess 1%, acting largely girder, 
but with some slab action, having central span ft. in. and 
designed carry the heaviest locomotives with inappreciable deflec- 
tions. would extremely difficult cause failure any loading 
that could placed it. would require load more than 600 
tons this panel cause unit stress the steel 16000 
This bridge has given such excellent satisfaction for years that the 
Superintendent Bridges and Buildings the Soo Line considers 
reinforced concrete the desirable material for such spans. 

Particulars respecting other satisfactory slab bridges carrying street- 
railway traffic are found the writer’s book.* 

would seem that Mr. Godfrey’s opinions respecting the avail- 
ability reinforced concrete for such purposes are not accord with 
successful practice, and are not such should expressed with 
vehemence until they are supported careful experimental tests, 
rather than vague references failures which are used merely 
east discredit reinforced concrete design géneral. There have 
been lamentable failures all-steel structures, but that reason 
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for them. reason for discriminating analysis 
ful design. The same lesson derived from failures reinforced 
concrete design, rather than use them pretext for indiscriminate 
condemnation reinforced concrete unsafe for moving loads. 

Mr. Eckles must have made some mistake ascribing 
writer any attempts treat reinforced concrete flat slabs. 
true that paper Homogeneous Cireular Flat Plates” 
was published the writer some years ago, but contained refer- 
ence application the flat slab theory. the paucity 
theoretical developments which could possibly furnish the basis for 
slab theory, this paper was used again and again current engineering 
literature for that purpose, but the writer was way responsible 
for this, and fact found much these applications with which 
was variance, for one reason another, that was induced 
investigate the theory flat slabs, done his 
book. The attempt now under consideration his first effort that 
line, and entirely independent his previous paper. When 
Mr. Eckles mentions discrepancies between the writer’s former 
theories, and conclusions facts, would well cite refer- 
ences, the writer cannot recall any work his these 
remarks apply. The only development slab theory any work 
his the one “Flat Floor Slabs,” 1913, and the paper now 
under diseussion the application the theory there developed 
test results several slabs. There certainly discrepancy here, 
such Mr. Eckles would have believe. 

Mr. Thompson apparently does not understand the object the writer 
had view his paper. was show that test results deflec- 
tions and stresses, far they were available, were such accord 
with the analysis which had proposed his book that reasonably 
close practical agreement existed between them, especially the case 
the mushroom system with which was position obtain 
inside information more complete than was the case with other systems. 
the same time utilized for comparison such information respect- 
ing other systems was his disposal, 

Mr. Thompson seems think that could show that test 
slab the Northwestern Glass Company’s Building was insufficiently 
reinforced, over-strained the test load; otherwise incorrectly 
designed, would thereby discredit the the paper; 
but such not the ease. 

doubt the truth, Mr. Thompson alleges, that possible 
draw further conclusions from the given than were drawn 
the writer, and surmised that the four. conclusions stated 
Mr. Thompson the beginning his diseussion not any 
means exhaust the list. assumed that wall panels must necessarily 


Fic. 24.—-Soo LINE RAILROAD BRIDGE OVER WILSON STREET, AMHERST, WIS. 
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differ design from interior panels, and that every one conversant Mr. 
with slab design perfectly aware this, and hardly needs have 
called his attention. believed that wall panels invariably differ 

this The amount that difference, however, dependent 

large extent the character their connection with the walls and 
pilasters. 

The deflections Panel shown Fig. when compared with 
those Panel not indicate that this case the moment 
resistance Panel actually designed needed increased 
more than slight percentage make its resistance equal to. that 
Panel this question not yet entirely amenable analysis, 
remains very considerable extent determined each case 
the judgment the designer. Other types slabs having more 
flexible connection with the columns would doubt require greater 
additional stiffness wall panels than was needed this 

The principal questions issue, however, seen Mr. Thompson, 
appear his two assertions that Equations (a) and (b) 
not fact give results that accord with tests, and the principal 
support that assertion, the further assertion that the observed 
stresses gauge line 111 were not abnormal, but such expected. 
The writer will proceed meet these assertions some length and 
then treat other matters broached Mr. Thompson. 

should stated first that the writer had nothing whatever 
with the design testing this slab, nor with that any the 
other slabs treated this paper, and subject regret with 
him that the number gauge lines over the column heads was 
small, and that they were irregularly distributed. However, was 
compelled make the best use possible the data his disposal, and 
still the opinion that his interpretation the results sub- 
stantially correct, will proceed show making use analogous 
data from unpublished test which has been put his disposal since 
the paper was written. 

Additional the case slab, in. thick, with 
panels ft. square, design load 150 per sq. ft., and loaded once 
over four panels forming square, with load which uniformly 
distributed would have intensity 151 per sq. ft., but disposed 
leave several open spaces. estimated that the stresses 
the steel over the center column were such would produced 
uniform load somewhat excess the design load. The four 
loaded panels were two wall panels and two adjacent interior panels, 
just the Glass Company test. 

Fig. plan the central column head and the slab rods 
crossing it, with the outer ring rod ft. diameter, the inner ring 
rod ft. in. diameter, and the cap ft. in. diameter. The 
plan also shows the relative positions the numerous 8-in. gauge 
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lines, most which were the semicircle most. distant from the 
wall, and the length the laps drawn scale. belt consisted 
thirteen round rods, except the direct belts which cross the wall 
panels from pilaster column, and these had sixteen rods each. 

The measured stresses, with the the axis 
each rod the extremities the gauge lines, are given Table 16. 

Gauge lines and 44, were the top and the same 
rod, were and also, from which evident that the other 
observed stresses the tops rods are most certainly excess 
the méan stresses which the rods were subjected. Especially must 
this true the edge the cap, where there change 
the flexibility the slab. For that reason quite uncertain what 
actual mean stresses are indicated the stresses which were observed 
the upper surface the rods the edge the cap radially; 
but may sure that they are much smaller than those corre- 
sponding observed elongations. 

thus some part least the excessive stresses 
apparently found here are due placing the gauge lines the upper 
surface the rods, and the explanation which has been offered for 
these excessive stresses being due the thick boss formed the 
head reason account for only fraction the observed 
results. 

Equations (a) and (b), proposed for computing the maximum 
stresses the slab rods side and diagonal belts, respectively, the 
head, give results which not differ greatly from each other. 


5.5625 


Then Equation (a) becomes 

but (216)? (96)? 102528, and 265.4, and Equation (b) 
becomes 


12000 lb. per sq. in.; 


500 Ib. per. sq. in. 

The, reason that these computed values are excess those 
observed, lies the quantity steel found the laps, shown 
the plan, which quantity evidently largely excess that for 
which the formula was computed, will seen referring page 
“The Theory Flat Slabs,” where appears that the mean 
the slab steel was assumed 4.25 times the area 
single The case hand certainly exceeds this, all the 


Mr. 
Eddy, 
| 
. 


DISCUSSION STEEL STRESSES FLAT SLABS 1435 


belts are lapped far beyond the inner ring rod, with conse- 
quent reduction the stress the edge the cap perhaps 25% 
below the value computed Equations 

should noted that the observed results show ‘some diminution 
stress with the but, the slab rods themselves, this 
means proportionate the edge the cap their approach 
the neutral axis, although more closely proportionate elsewhere. 


GAUGE LINES 
AND LAPS OF STEEL 


TEST 
MUSHROOM SLAB, 


25. 


All these gauge lines were located around the central column cor- 
responding Column the Northwestern Glass Company Building. 
Besides these gauge lines, seventeen more were observed three other 
column heads corresponding Columns 36, 37, and Panel 
the edge the loaded area. The gauge lines, with one two excep- 
tions, were located (as were those around the central column) that 
the edge the cap nearly bisected each The largest pair 
stresses observed showed and 7700 per sq. in., respectively, 


Mr. 
Eddy. 


Mr. 
Eddy. 


1436 DISCUSSION STEEL STRESSES FLAT SLABS 


being parallel adjacent diagonal laps. The next smaller observed 
stresses were and 250 per sq. in., respectively, with other 
values large general, the values the maximum stress 
these gauge lines varied from 80% those over the head 
the central column. The two first mentioned appear abnormally 
large, for some unknown reason, others similarly situated were much 
smaller. 


TABLE 16. 
: Embedment, in sixteenths Observed unit stress, 
Gauge line No. pounds, 
Rops 
650 
150 
200 
850 
150 
100 
850 
800 
100 
800 
700 
500 
000 
850 
600 
150 
250 
000 
650 
450 
000 
700 
150 
28 58 800 
AND 
800 
850 
750 


Again, Mr. Lord’s report the test the Deere and Webber 
Building,* Fig. shows cracks the upper surface the slab within 
inch the edge the caps the loaded area; but these 
cracks cannot said lie more outside than inside the edges 
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the caps. clear, therefore, that those radial gauge lines that 
the edge the cap Fig. will unquestionably show maximum steel 
stresses. Gauge lines 13, 14, and give indications that maximum 
stresses are found outside the cap. These additional data are thus 

seen confirmatory the substantial accuracy and applicability 

Equations (a) and 

Recalculation Equations (a) and (b), the Northwestern Glass 
Company now the effect the distribution the 
actual loading. Suppose that Load which consisted 380000 
were first uniformly distributed over the four panels, each ft. 
Next, let the loading area ft. over the central column, and 
amounting about entirely removed and piled the 
surrounding parts the slab. This will practically leave the canti- 
lever portion the slab around the column without loading, and will 
place this loading outside the inflection lines which surround this col- 
umn. similar removals occur other columns, that the loads 
are nearly symmetrically disposed the central parts the panels and 
the side belts, then will little consequence, far the stresses 
the cantilever portions the slab are concerned, whether the loads 
outside the lines inflection are uniformly distributed have wide 
open ways across them; the stresses the cantilevers will necessarily 
removal the loading from the cantilevers the 
other parts the slab. 

Mr. Thompson says that the stresses “are more affected the 
amount load the panel than That 
certainly not the fact, for, take extreme case, the loads might 
possibly applied directly the tops the columns and produce 
stress the slab. The fact that removal across the lines inflec- 
tion affects the stresses the cantilevers, and removals within other 
portions the panels affect the moments those portions the 
panels where the removals but long they are symmetrical, 
such removals have little effect the cantilevers. 

the paper effect assumed that this removal added more 
than 10% the effect the load, far the stresses the steel 
the edge the cap center column are concerned, and such 
allowance believed not too great. Mr. Thompson disagrees with 
this general reasoning, based apparently principles applying 
beams simply resting supports, instead firmly fixed stiff sup- 
ports, which the position the lines inflection would affected 
the distribution the load extent which not the case 
slabs, where the lines inflection are practically fixed position and 
remain the same for different distributions load. Mr. Thompson, 
however, apparently states the truth inadvertently when asserts that 
“the same load uniformly distributed would not have caused larger 
stresses than was caused the load placed shown Fig. 5”, for, 
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have just seen, would certainly have produced smaller stresses: 

case the lines inflection are practically unaffected 
the load from the cantilever, described, the stresses the 
edge the cap will increased, and will also justifiable neg- 
lect the effect any change distribution loads due the center 
aisles, in. wide, when treating the cantilevers, though perhaps not 
treating other portions slab. 

repeating the calculation the maximum stress the edge 
the cap, given the paper, the figures were found some- 
what inaccurate reason using value for the clear 
span between the caps. The correct figures are: 

Diameter cap in.; diameter head in. 

Then, Equation (a), 20700; 

which yalues may need somewhat for lack laps, 
previously stated. 

Therefore, mean value 20000, say, must replace the erroneous 
value, 000, originally given. 

It. would interesting see the calculation which Mr. Thomp- 
son says value 15400 obtained the application 
Equation (b). The only change which has suggested the com- 
putation consists scaling down the load 106250 per panel, 
which says too large, though that does not appear the fact, 
has already been shown. However, proceeding that basis for 
the moment, let the load scaled down per panel, then, 
provided the originally computed value given the paper (f, 
however, makes the value least 19500 instead 
and the scaled value would. consequently 600 instead 400, 
2200 lb. per sq. more than per 
must that Mr. Thompson did, not actually compute this the 
formula, but accepted without investigation the erroneous figure 
the text. 

There were, fact, laps whateyer the slab steel over Column 
45, and the general formula, discussed page “The Theory 
Flat Slabs,” need modified slightly for that. reason, 
that, applying Equations (a) and (b).to this reduction 
the cross-section the steel the belts below the mean value assumed 
establishing the formula would require corresponding increase 
the maximum stress the utmost of, possibly, 20% above, that com- 
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puted from the tentative coefficients Equations (a) and 
10% addition the computed stress sufficient cover the ab- 
normal unit stress 000 Ib. gauge line 111. 

may truthfully said, therefore, that there good agreement 
Equations (a) and (b) with stresses this test, even the 
actual stresses assumed considerably excess any observed. 

Abnormal Stresses Gauge Line Thompson has misun- 
derstood the stated the paper respecting the stress gauge 
line 111, since has the elbow with the slab rods. The 
eight radial rods, shown Fig. under the slab rods, are 
round steel, and are great stiffness compared with the slab 
rods. proportional the fourth power the diameter, 
one these rods more than times stiff These 
are the rods that were forcibly pried and held position the slab 
until relieved the application test load, when they with 
that load inducing the slab rods which they were 
produce while alone, being held the shrinkage stresses 
the Thus, after the slab had once suffered flexure the 
application considerable load, and had had chance recover, the 
radial rods and slab rods would come back position equilibrium 
and mutual adjustment different from the one they occupied before 
the application the load. renewed application loading would 
then show elongations and stresses measured from this new position 
equilibrium corresponding the loading. was per- 
fectly elastic material, however, such action would not oecur. 
any such steel stresses were around the edge the cap Column 45, 
Mr. Thompson states, they could not fail show such gauge 
line 107, which the edge the cap. The assertion that the 
occurred the the load compared with the 
previous The fact that the decrease stress 111 
the removal the load small make apparent. that some 
was oceurring has That this the 
explanation the observed abnormal stress gauge line 111 
600 Ib. remaining after the removal from Panel all but 
lb. the load 47100 observed unit stress 10300 
still remaining day later. This abnormal stress after the removal 
the load, not shown any other gauge line, makes 
clear that 111 was abnormal before the load was removed, 
and nullifies any reasoning that leaves out 

Location Gauge Lines.—A likely arise respect- 
ing the matter stresses inside the eap and outside it, though 
disregard the fact that absolutely sudden changes stress cannot 
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gradual from point point. Owing this fact, and the fact 
that the edge the cap comparatively thin, large stresses are 
found for some small distance inside the geometrical outline the 
and are not confined the area strictly outside Indeed, 
some designers, order take account this, have assumed the 
effective diameter the cap in. less than its actual diameter. 
This question has its bearing the location the gauge lines with 
reference the geometrical edge the cap. 

Again, the single abnormal result cited Mr. Thompson, and 
shown his gauge lines, and does not accord all with what 
generally known respecting the distribution stresses the edge 
the cap, and, until more specific information available, should 
disregarded because single measurement this kind cannot 
depended on, even were not known that would 
quite understandable that whichever Mr. Thompson’s gauge 
lines, lay across crack would show the greater stress. 
seen the Deere and Webber test, however, might probably 
the rod being straightened out, merely tension the 
upper surface the rod. 

Mr. Thompson’s attack the validity and general accuracy 
Equations (a) and (b) thus seen have very slight foundation 
test data, and his estimate that the actual stresses may exceed those 
computed these equations much 45% may disregarded. 

Mr. Thompson says, respecting Mr. Turner’s test slab, that was 
broken loads placed the center panel, with comparatively little 
load the projections. That the truth, Mr. Godfrey and his bal- 
anced loads, the contrary, notwithstanding. Mr. Thompson criticizes 
the test because was not directed toward elucidating the particular 
problem which interested. Mr. Turner, however, had view 
the solution different problem, for which was willing expend 
money. Neither was that problem the one Mr. Godfrey would like 
have seen investigated. will interesting and valuable for 
these gentlemen problems they have view, but 
they can hardly expect others put aside their own pressing problems 
because they themselves are not interested them. 

may stated again, however, that, far can learned from 
numerous load tests mushroom slabs, central deflections panels 
are unaffected loading adjacent panels, which, true, may permit 
this test used solve some the problems proposed these 
However, perfectly evident, from the report the test 
and the photographs the failure,* that Mr. Thompson mistaken 
supposes that the steel and concrete just the edge the 
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were ultimately more severely stressed than points somewhat farther 
from the center the columns, for the test slab gave way points 
least far distant from the cap gauge line 103, instead 
the edge the cap, and this was case belts without laps. 

Mr. Thompson entirely misses the point the argument, respect- 
ing the comparison the stresses Column 36, and those Col- 
umn 46, which are similarly situated with respect Load 
the stress lines given are those largely due the loads Panel 
increasing the load might expected paralleled, were 
the load increased. What there “absolutely misleading” about 
From the behavior when the load was doubled, 
might perhaps surmised what would happen were the load 
doubled which was not. What misleading conclusion has 
been here advanced? 

Certainly there nothing misleading this Mr. 
son’s statement that the slab bar which gauge line 103 was taken 
“was one the outside ones the diagonal band”. fact, however, 
the bar was the third one from the center bar and the outside ones 
were the seventh from the center bar, all equally spaced, and this 
bar was not half way the outer bar, where was asserted 
Mr. Thompson. That, unquestionably, “absolutely misleading”. 

Mr. Thompson criticizes the values obtained for stresses the 
steel the diagonal and rectangular bands because says they “are 
from formulas derived without regard the size the 
column head, and, would apply construction with 
column head equal sharp point and one any size whatever.” 
says “this assumption, the face it, erroneous”. Whether 
erroneous not, one thing certain, viz., the stresses, correctly 
computed the assumption stated, will not become larger account 
making the head appreciable size. The effect the head, any- 
thing, will decrease the stresses mid-span, and the 
error, such be, will the side safety, and that account 
unobjectionable, from practical standpoint, however much may 
detract from the accuracy the formulas. the criticism based 
what appears “on the face it”, might well for Mr. Thompson 
make estimate, can so, the amount the effect 
produced mid-span these belts ordinary sized heads, when due 
consideration given the fact the comparative fixity the lines 
inflection, thereby conferring the central parts the panels 
outside the cantilever semi-independent character, which justifies 
the assumption one approximately correct. The final proof the 
applicability the formulas, however, found their 
ance with test results, has been shown the the tests. 

Mr. Thompson criticizes Equations (a) and (b) because the observed 
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stresses the edge belts opposite column centers fall short those 
computed from these equations. must remembered that these 
equations were derived the supposition that the steel was near 
much lower level the edges the belts, less stresses will observed 
here. This part the reason for the occurrence large stresses 
the edge the cap; but the theoretical stresses thus computed furnish 
basis which compute maximum stresses slab steel over the head. 

Mr. Thompson objects the word “theoretical” this connection. 
The word correctly designates result reached from consideration 
the predominating principles involved. does not mean, when 
applied engineering structures, that all factors have been introduced 
into the premises. means such simplified assumptions and premises 
will take account the dominating factors and give result 
reasonable approximation which accurate enough for practical pur- 
poses. neither Mr. Thompson nor, far known, any one else 
has proposed approximate theory any practical agreement with 
experiment, would seem the courteous thing not assail 
proposed theory the basis assertions which seem not well 
founded. 

Mr. Thompson says that design, such that the Northwestern 
Glass Company Building, does not have proper factor safety, the 
inference being that radical changes design are required, whereas 
appears from the preceding analysis and tests that all that required 
bring down the unit stresses the steel the edge the cap, and 
reduce them any desired amount, merely place additional short 
rods across the cap between the slab rods, length from three-tenths 
four-tenths the span, and general alteration design re- 
quired, intimated. 

Mr. Thompson refers the same time stresses the concrete. 
not the object the paper into that subject further than 
absolutely necessary, and will postponed for future consideration, 
with the remark passing that, where absolutely flat slab not 
required, every one aware that increased thickness slab the 
vicinity the cap will reduce the concrete stresses. 

What the writer especially concerned about this discussion is, 
not the close accuracy the particular computations this paper (for 
they are admittedly based average data which not necessarily 
coincide altogether with the particular examples which they are 
applied), but convince those interested slab construction the 
fact that method has been found for making rational analysis 
slab design, method which will ultimately enable the engineer pre- 
dict results with somewhat the same certainty now attained 
ordinary structural work. That may require modifications constants, 
his practical formulas, which apply the mushroom system. 


DISCUSSION STEEL STRESSES FLAT SLABS 1443 


Such will greater than every engineer uses 
construction, where method used which not expected result 
the same final formulas for stresses all types bridges. 

This paper proposed discuss “Steel Stresses Flat Slabs,” and 
see how closely they could computed the analysis published 
the writer his book. Mr. Mensch regards the paper taking 
the general defence the mushroom system. That unwarranted 
enlargement the scope the paper. seems think that 
can make appear that any his numerous objections flat slabs 
are admissible, has thereby cast the paper some way. 
Let then said, way preface, that Mr. Mensch has not called 
attention single between the computed and the ob- 
served results. The only discrepancies mentioned him are between 
results given and confirmed both analysis and experiment with what 
believes they should be. 

The real question issue, however, this: can the writer actually 
compute steel stresses any one type flat slabs are 
led believe that Mr. Mensch thinks eannot this, but, instead 
meeting the main issue directly, introduces number side issues. 
The side issue with which begins and ends his remarks the ques- 
tion the factor safety flat slab construction, and the load tests 
has made his own constructions, showing factor safety 
least also “claims that flat slabs designed according Mr. Eddy’s 
formula have only factor safety under the most favorable 
Now, this not so, because, the the test 
the St. Paul Bread Company Building, given the paper, and designed 
the standards the mushroom system for load 100 
per sq. ft., one panel was loaded with 415 lb. per sq. ft., without 
showing signs distress any cracks except few very fine hair line 
cracks, discerned only with difficulty. That observed result would 
seem have more weight than any mere estimates which Mr. 
Mensch bases his claims, and would tend strongly make put 
trust whatever the claims which has put forth 
cording him, that slab ought have failed under half the final test 
load. The truth the matter that the materials which com- 
posed are used more economically and will carry more load than dis- 
posed Mr. Mensch proposes slab-girder construction, and though 
willing concede slight advantage flat slab construction, 
weight for weight, his adoption wrong theory prevents him from 
giving flat slabs the credit which they are entitled. 

Mr. Mensch declares that extensometer measurements steel stresses 
afford correct indication the strength slab, and load tests, 
evidently, his estimation, afford reliable indication what may 
expected beyond the loads actually applied, believes slab 
subject sudden collapse from sudden and unforeseen large stresses 
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the steel which may expected develop with slight 
load; but, were this the case, this phenomenon should have been met 
frequently the course the numerous tests which have been made. 
far from this being the case, the fact that multiple 
such nature that unusual stresses developed accidentally any 
rod slab must ultimately distributed and divided among neigh- 
boring rods and thus safely 

Mr. Mensch mistaken ascribing the discrepancies between ob- 
servations symmetrical points slabs sudden changes stress 
under comparatively small increments loading, such have occurred 
beams. study the stresses given connection with the test 
the St. Paul Bread Company Building, where these discrepancies were 
observed, fails entirely reveal any such phenomenon this. The 
discrepancies were general pronounced smaller larger loads, 
with such sudden increases stress alleged. This might well 
expected beams when cracks develop, but crack such ordinarily 
occurs slab would not have any such observable effect. would 
necessary for cracks cross one another the slab way such 
they practically never do, permit even the initiation effects 
similar character those due single cracks beam. 

Almost the beginning his discussion Mr. Mensch turns from 
the discussion slabs that beams, which makes his principal 
side issue. says that “one may reasonably expect that the dis- 
crepancies will still greater flat slab construction”, because the 
percentage reinforcement less than beams. The entire purport 
and effect the reasoning and the results reached the paper 
establish the fact that slab action and beam action are different, theo- 
retically and numerically, and seems almost useless attempt 
reply criticisms based complete confusion beam action with 
slab action. Mr. Mensch says that slab action “simply combination 
continuous beams acting least two directions, which beams are 
connected with each other and with the columns, and the deflection 
any point common least two beams acting right angles 
each other.” that statement means say that theory com- 
putation based such assumed network beams combined to- 
gether would constitute sufficiently close approximation its action 
that flat slab afford practical basis for obtaining the stresses 
flat slab. 

The writer does not hesitate deny that there any such agree- 
ment between the results such theory and any set trustworthy 
experimental observations that Mr. Mensch can produce. Mr. Mensch 
refers particular Danusso exponent this correct theory, 
and one who expresses real slab action scientific way. Danus- 
so’s papers, refers, have been translated into German and 
published book form, that they are perfectly accessible any 
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one.* must evident, such network beams necessarily has 
supporting girders the edge each panel, and the system corre- 
sponds slab-beam-girder construction else slab-girder con- 
struction and not flat slab construction. Danusso, consequently, 
makes certain suppositions respecting the stiffness these supporting 
girders, perfectly proper do. 

The writer has developed slab-girder theory which awaiting 
more complete experimental confirmation before publication, but any 
such theory must necessarily differ from flat slab theory, and 
absurd the face for any one think that the results either 
theory are applicable another construction from that contemplated 
deriving it. Flat slabs without supporting girders are alone under 
discussion this paper, and Mr. Mensch’s definition slab action 
quoted above does not apply actual flat slab action. 

Mr. Mensch says that “the advocates many flat slab systems 
declare that the common beam theory does not apply flat slabs,” and 
that “has never seen similar statement the works St. Venant, 
Winkler, Grashof, Féppl, Miiller-Breslau,” and that, “in particular, 
the case flat slabs was solved Winkler and Grashof that 
theory”. course, St. Venant, Winkler, and Grashof made 
statement about flat slabs, for the very good reason that they had 
not been introduced their day. Flat plates, however, different 
question. flat plate understood and the 
same moment resistance throughout; slab neither these, but 
has increased moment resistance where required locally. St. Venant, 
the greatest investigator the theory elasticity that ever lived, was 
much busied with the theory flat plates, thick and thin. full and 
account his researches may found the encyclopedic 
“History the Theory Elasticity and Strength Materials,” 
Todhunter and Pearson, occupying pages 833 896 Vol. and 
pages 282 Vol. II. did not treat flat plates the beam 
theory all, but the basis the exact general theories elasticity, 
without regard the approximations involved the beam theory. 
was born 1797 and died 1886. Grashof, born 1826, pub- 
lished the second edition his great book “Elasticity and Strength” 
1878. This the edition which Mr. Mensch has referred elsewhere 
and the one always quoted. contains his investigation homo- 
geneous flat plates, but nothing about slabs. Those who have not 
ready this work will find the substance the more important 
parts his plate theory Lanza’s “Mechanics.” 

impossible explain how man Mr. Mensch’s careful 
scholarship could have been led say that Grashof solved flat plates, 
not say flat slabs, the beam theory. Nothing could farther 
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from the truth. Grashof regarded the great exponent the 
slab theory, not the originator it, distinguished from beam 
theory. true that Mr. Mensch paper his* has used 
Grashof’s formulas, and may have supposed that they were established 
beam formulas, but such not the case. has not 
treated flat plates slabs any his published works. useless 
try have any beam theory flat slabs accepted the authority 
any these writers. 

Danusso, his preface, quotes first the formula “Grashof’s 
plate it, and later the formula, which 
convenient modification Grashof’s. thus appears that 
used the plate theory rather than the beam theory that Danusso 

entirely gratuitous for Mr. Mensch charge any defects 
the Niagara Building, which refers, others than those 
responsible for its design, and may that the writer will 
ready any one condemn its faults, such there be, when 
apprised the details the design, which yet ignorant. 

Mr. Mensch criticizes the idea saying that set loads extending 
across slab would tend produce cylindrical trough depression 
under across the slab, and that another set loads extending 
across the slab right angles the first set will also tend produce 
cylindrical hollow trough across the slab under it, that the 
panel where these troughs cross each other the slab will “dished” 
and their mutual effect will for each trough diminish the other. 
declares that this description “mysterious” and one that “will 
not enlighten any and yet this the very idea cylindrical 
trough that Mr. Godfrey uses the basis his argument his 
experiment. The idea used the writer merely semi-popular 
form description, assist the imagination picturing this phe- 
nomenon, phenomenon which has investigated analytically from 
entirely different point view. was used order put forth 
form explanation which would enable the reader see how the 
results which had been reached his analysis might possibly pic- 
tured; and yet Mr. Mensch says this explanation used because the 
writer does not express real slab action scientific way. 
evident that the critic has not followed the analysis, and not even 
aware that that exactly what has been done the writer’s book, 
where has based his analysis the general equations equilibrium 
the forces, shears, and moments acting the external surface 
infinitesimal element the slab, necessary order make 
perfectly exact and rigorously scientific investigation the 

evident that, with such divergent views what constitutes 
slab action and slab theory, would useless for the writer 
come any understanding with Mr. Mensch within limits now his 
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disposal, especially when insists, does, the theoretical 
identity flat slab construction with girder and slab construction. 

the interest truth and fair play there one correction that 
should made Table given Mr. Mensch. This table, which 
has been quoted several times current literature, based one 
originally given Mr. MacMillan, which computed the 
steel the Turner slab for two different values unit stress, viz.: 


(a) unit stress 16000; weight 549 per panel; 
(b) unit stress 13000; weight 718 lb. per panel. 


Mr. Turner explicitly stated that his formula, was based ona 


unit stress 13000 and Mr. MacMillan* made the same state- 
ment. The 718 lb. consequently the only figure for which Mr. Turner 
would responsible, and the weight 549 lb. entirely unauthorized, 


his formula avowedly was based unit stress the 


steel appears reference his book, page 29. For 
assumed unit working stress 16000 Mr. Turner’s moment 

Mr. MacMillan further stated his ignorance respecting the amount 
steel the radial and ring rods Turner’s mushroom head, and 
assumed that their function was merely support the slab rods 
position the top the slab. The steel the head would, fact, 
considerable stiffness over the columns, that conservative estimate 
the steel per panel Mr. Turner’s construction would 900 
instead the figure wrongly stated Mr. Mensch. This figure would 
further increased the usual laps over the column heads, that 
substantial misrepresentation made, intentional not, this 
garbled quotation. Mr. Mensch was himself present and contributed 
the discussion Mr. MacMillan’s paper and has first-hand knowl- 
edge these facts. should further noted that Mr. 
design, shown him his paper, almost identical with Mr. Turn- 
er’s, with the omission the inner ring rod, and his weight steel 
only slightly exceeds Mr. Turner’s design, above corrected. 

states* that: 


formula would become, round numbers, 


“Floors designed his method have been low have shown 
remarkable powers resisting abuse, have stood tests twice the live 
load over entire bay, not only without signs failure, but with 
such trivial deflection that one led believe that the constituent 
materials are far from being stressed inordinately.” 
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Observe that this loading not over one panel only but “over 
entire bay,” which disposes Mr. Godfrey’s contention that such load- 
ing would fatal this kind structure. 

will noticed that Mr. MacMillan’s computation the slab 
steel, according Grashof’s formula, provides nearly the same weight 
steel Mr. Turner uses, and would properly require additional 
steel form stiff head such Messrs. Turner and MacMillan use. 
round numbers, the weight steel either these three slabs is, 
all, 1000 per panel. These computations are really based 
flat plate theory slab action distinction from beam theory. The 
other four computed weights the table are really based beam 
theory, and require about twice much steel, about 2000 lb. per 
panel. Beam theory practically neglects the co-action the various 
belts, which co-action considered and allowed for slab theory. 
affords partial relief from the tensile stresses arising from the 
applied moments, relief traceable action the bond shear the 
embedment. 

The statements that have frequently been made respecting the 
meaning the results shown this table seem misleading, 
correct interpretation them apparently the effect that 
beam arrangement, such involved for example two-way rein- 
forcement, requires perhaps twice much steel slab which can 
develop true plate action. 

The advocates beam theory insist that, any flat plate action that 
may developed uncertain and unreliable, and that slabs, order 
safe, must designed beam theory. 

The advocates flat plate theory insist that innumerable tests 
have shown that flat plate action affords perfectly reliable and 
dependable form resistance when the design properly made. The 
evidence for this proposition regarded them perfectly con- 
clusive, and they find difficult, say the least, endure with 
patience the intimations which are continually made that flat slab 
design essentially unsafe unless fulfills the requirements beam 
theory. would just logical insist that dome constructed 
resist circumferential tensions must designed arch 
theory alone, and neglect circumferential action the dome, 
insist that flat slab, with multiple-way reinforcement tied together 
the embedment, must neglect the effect that embedment. 

Mr. Hatt ready freely admit the facts which all who have 
made tests buildings are perfectly aware, namely, that the observed 
stresses the steel are actually about one-half great would 
found considering the steel resist the entire applied moments. 

other critics have known the facts and have not been willing 
acknowledge them, they have been disingenuous; they have not 
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known them, they were disqualified discuss the subject their 
ignorance the essential basis the discussion. Either alternative 
would seem discount the value the opinions which such critics 
have expressed, and would seem make the basis their opinions 
dubious. 

When Mr. Hatt, however, refers the tensile stresses the con- 
crete, which says carry the remaining fraction the applied forces, 
evidently has mind direct tensile stresses concrete, acting 
parallel the steel and added those the steel, such would 
disappear and ineffective whenever cracks appeared across these 
lines stress. That naive and quite natural explanation, and 
one which evidently correct the reinforced concrete 
beams, but can shown incorrect the case slabs. 

Owing the stresses which take place multiple-way reinforce- 
ment slabs, the shearing stresses due the bond between reinforce- 
ment and concrete play and have fundamental importance, 
that has not hitherto been realized understood, and they produce 
effects such they not produce beams. This has been explained 
elsewhere. Concrete stresses arising from bond shear may correctly 
designated indirect stresses, distinction from those previously 
mentioned directly due bending. They are operative and 
depended long the bond remains intact, which until final 
failure, and long after the cracks due the direct stresses bending 
have appeared. These indirect stresses are the ones which produce 
the effects Mr. Hatt recognizes. His judgment tells him that direct 
tensile stresses are unreliable. Agreed; but should become con- 
however, that the concrete combination with the steel 
the slab affords resistance reliable kind, does not beams, 
for safety design. 

tests perhaps one-half the design load usual for 
direct stresses concrete much assistance the reinforce- 
ment make the steel stresses comparatively small. For larger 
loads, two three times the design load, more, direct stresses 
relied on, but indirect stresses are predominant the 
eonerete. The true properties reinforced combina- 
tion which sufficiently fine-grained exhibit resistance such might 
properly ascribed single homogeneous material different from 
either steel concrete, then appear. this that the formulas 
the book Flat Slabs apply, they not lower stresses. The 
material one that tough and not subject sudden collapse 
unexpected failure, and will show perfectly evident signs distress 
long before gradually giving way. Such material must not made 
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with its bars too large too far apart, that makes too coarse- 
grained and decreases the surface which bond shear acts. 

Comparatively few tests destruction have been made slabs, 
but those that have been made fully support the view here advanced. 
When, however, the experimental evidence shall become sufficient, 
Mr. Hatt will feel compelled, doubtless, accept fact, but the 
same can hardly said number those who constantly discuss 
slab theory print, but who are wedded preconceived priori 
conceptions how slabs must act wholly incapacitated for 
any change view, matter what the facts may be. For reasons 
stated the beginning the paper, the writer disagrees with 
Mr. Hatt’s opinion that the controlling factor slab design should 
the compressive stresses the concrete rather than the tensile 
stresses the steel. One reason for this the uncertainty still exist- 
ing the resistance which concrete any other solid can offer 
hydraulic compression. For example, does any engineer suppose for 
instant that the rocks the depths the earth’s crust, which are 
subject enormous hydraulic stresses reason the superincum- 
bent strata, are thereby crushed rendered less able resist shear 
tension 

The condition the concrete under compression slab not 
comparable that test block cylinder compression test, 
that the uncertainties respecting the concrete slab are greater, 
possible, than those respecting the steel, and the measured compres- 
sive stresses the concrete, which Mr. Hatt would rely, furnish 
reliable criterion, for highly probable that shearing rather than 
compressive stresses are the determining factors the ultimate re- 
sistance the concrete. 

The writer does not agree with Mr. Binckley that the technical 
expression “flat slab” includes structures which deep beams 
girders project below the lower surface the slab. 

The mechanical action and theory slabs combined with sup- 
ported beams differs much from that true flat slabs that 
impossible analyze them the same way, although that has been 
often attempted unsuccessfully. 

The writer has already perfected mathematical investigation 
beam-supported slabs such are shown Mr. Binckley Fig. 21, 
but, owing the fact that sufficient experimental data are not avail- 
able establish incontrovertibly the truth deduc- 
tions, has not felt justified publishing his results, although they 
show most gratifying agreement with the test deflections some 
half dozen buildings this type which has access, and exhibit 
discordant results. 

The mechanical difference between flat slab supported beams 
and one supported columns may made evident more readily 
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perhaps considering rectangular panel than square one. For 


the sake simplicity, consider one panel uniform continuous 
plate many panels, the plate being uniformly loaded throughout 
and supported first columns only. extreme case, let 
the length the panel twice great its width. Then the de- 
flections the mid-span the long sides would some eight times 
cantilever slab instead plate, however, would possible 
the lengthwise over that crosswise the slab 
modify greatly these relative deflections. Now, suppose that 
stiff horizontal beams were placed under the plate, contact with 
mid-spans its sides, and extending from column column. 
Let these beams raised gradually jacks until the deflections 
the sides the plate have been entirely removed. this 
process considerable mechanical readjustments will have occurred 
the slab itself, panel load will now transmitted the slab 
the beams instead the columns such wise that the shearing 
stresses the edge the panel will most severe the mid-span 
each side, and much more severe the long side than the short 
side, whereas originally the shears were most intense the edges 
the columns the corners the panel. The readjustment 
shears accompanied most radical change the bending moments 
and fiber stresses the plate, much that, whereas the stresses 
the plate were originally greater lengthwise than crosswise the 
panel, that now entirely reversed. follows that reinforced 
slab, which designed introduce more steel wherever the total 
tensile stresses are the greater, the design the slab entirely 
different the two cases, and follows different principles. fact, 
the solution the fundamental differential equation plates and 
slabs which applies them when supported stiff beams very 
different from the one applicable the case column supports, and 
has not heretofore been proposed technical literature. 

Fig. Mr. Binckley has proposed vary the spacing the 
rods the usual diagonal and side-belts four-way reinforcement 
make the rods closer one another near the lines joining 
the column centers and put those which are farther from these lines 
farther apart, and the same time introduce such additional rods 
may necessary make each set cover the entire area the slab. 

the writer’s opinion these additional rods constitute improve- 
ment, but, the contrary, are uneconomical use steel which 
would serve better purpose placed the usual belts. The reason 
that additional rods would not seem improvement that 
they would not transmit the loading the columns directly and 
economically the rods the ordinary four-way design. 
well-known fact that two-way designs are necessarily somewhat 
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heavier than four-way designs, and these additional rods act mostly 
the same principle the rods two-way designs. 

The approximate equality the maximum unit stresses the 
ordinary four-way design proof positive the economy the 
arrangement steel it, additional steel needed should 
added along the same lines, unless can shown that the existing 
equal distribution stresses will not thereby disturbed. 

Mr. Binckley’s proposal decrease the spacing the rods 
near the center lines the belts: four-way design, with all belts 
approximately equal cross-section, the unit stresses are slightly 
less the center the panel than the side-belts. this design 
adhered to, the rods the panel center are amply sufficient 
they are, and there would economy change spacing. 
might possible make slight reduction the number 
diagonal rods adopting Mr. Binckley’s suggestion. 

the side-belts the stresses the several rods are approximately 
equal present. There object, therefore, varying the spacing. 

Mr. Binckley’s remarks respecting the converging compressive 
stresses the concrete the center the panel, are pertinent, but 
omits say that just such converging compressive stresses occur 
around each column the edge the capital; there, however, they 
are far more severe than the center the panel. 

The question how large stress this kind permissible 
and safe one the most pressing and serious problems flat slab 
construction. Apparently, one knows whether the proper basis 
which decide the question whether actual stress per square inch, 
the percentage linear deformation, the shearing deformation, 
affords the true criterion the resistance the concrete here. 

has been explained elsewhere, the writer’s views Poisson’s 
ratio disagree completely from those Mr. Binckley. The term 
“weakest seems somewhat misapprehended Mr. 
Binckley and others who have treated this subject. shown the 
writer’s book “Flat Slabs”, the expression refers the ultimate 
behavior the slab when loaded beyond the yield point point 
incipient failure. The properties the slab are then different from 
those exhibited under ordinary elastic semi-elastic flexure. The 
actual design such structure should made, not with reference 
behavior beyond the yield point, but with reference stresses during 
flexure, before reaches that point; and the near equality unit 
stresses the middle the several belts, shown tests well- 
designed slabs, shows that they are fact now designed. 

often said that true flat slab designed imitate 
the action flat plate, but that very imperfect statement, 
greatly varying cross-section. one would say that truss bridge 


DISCUSSION STEEL STRESSES FLAT SLABS 1455 


made imitation beam, because the truss which varies from 
point point, far more economically designed than uniform beam. 
The truss bridge may simple truss, cantilever, and 
differently designed each case; with flat has 
special design, and should have reinforcement match the de- 
sign. Theoretically, possible make flat slabs which 
are merely cantilever slabs, with negative bending every point, 
they may made with positive moments all points. The design 
determines where the lines inflection shall be, that is, the lines 
which separate positive from negative bending moments. These lines 
must necessarily lie near those loci where the reinforcing steel passes 
from top bottom the slab, and the introduction belts, some 
the rods which bend downward one place and others an- 
other, effect attempt prevent the lines inflection from 
having any fixed positions. far more economical steel have 
definite lines inflection fixed its arrangement, and not have 
provide for indefjnite undetermined stresses such are introduced 
the designs just mentioned. 
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MIXTURES 


INTRODUCTION. 


The writer has been investigating the subject sand-clay road 
construction for the past years, for the purpose establishing 
sound basis for the selection suitable materials for use this cheap 
type road. The materials are cheap and distributed abundantly 
that the writer convinced that, the Engineering Profession realized 
more fully the many advantages such roads, there would much 
wider adoption this type construction. 

The purpose this paper set forth the results the writer’s 
study these materials, both the field and the laboratory. This 
work was done under the auspices the University Georgia, 
Good Roads Department having been established the fall 1911 
for the carrying out policy University Extension 
work offering free engineering assistance the road officials 
the State highway and bridge work. The writer makes grateful 
acknowledgment the facilities placed his disposal Chancellor 


Presented the meeting March 4th, 1914. 
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Am. E., for many helpful suggestions. 

The growing demand for improved country roads low enough 
first cost permit the construction relatively large mileage 
counties average financial resources has led, many sec- 
tions the United States, extensive adoption the sand-clay 
type construction. 

Sand and clay are the most widely distributed materials Nature, 
and, suitable mixtures, yield road-surfacing material which can 
secured low cost, because readily accessible, and when prop- 
erly built intelligently selected material, will render excellent 
service. Briefly stated, the advantages sand-clay mixtures for road 


surfacing are: 


(1) Low first cost, 
(2) Low maintenance, 

(3) expensive machinery for construction repairs, 
(4) skilled labor required. 


Mixtures sand and clay proper proportions for road surfacing 
often occur Nature, though good results can secured making 
artificial mixtures. The name has been widely used 
Georgia and other parts the South indicate natural mixture 
sand and clay found the surface the ground over wide areas 
the Appalachian region. Such natural mixtures, doubtless, are 
found many other parts the United States. 

The principal advantages using natural mixtures the proper 


proportions, compared with artificial ones are: 


(1) The expense mixing eliminated, 

(2) The natural mixtures become compacted much less time, 

(3) Repairs are more easily made, and new materials unite more 
quickly the 


The firmness the wet sand road and the smoothness the dry 
clay road are combined the sand-clay type, and remains almost 
uniform smoothness throughout the year. has been known for 
years many localities that there were stretches earth road that 
kept hard and smooth, shed the water, and scarcely ever needed 
any repairs. Fig. illustrates section natural sand-clay road 
near Center, Ga., which has been use for years. such places 
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the surface soil has been found contain the proper proportions 
sand and clay, which, remaining undisturbed, has become compacted 
into hard, water-proof surface. 

There are many miles sand-clay roads Georgia which have 
cost less than $500 per mile for the surfacing place. They carry 
heavy country traffic, and the repairs, during period years, have 
not averaged per mile per year. Considering the fact that the first 
cost construction such roads less than the annual interest and 
maintenance charges almost every other type which has been offered 
improvement the earth road, seems inevitable that wherever 
sand-clay materials are available and suitable quality, the best 
type use for the average country road. 


OBJECTS THE INVESTIGATION. 
The writer’s objects were determine: 


(1) The proper proportions sand and sand-clay mix- 
tures yield the best results, namely, durability all 
weathers, and absence mud and dust; 

(2) The limits between which the proportions the two materials 
could vary without affecting seriously the quality the re- 
sulting road surface; 

(3) The effect varying proportions different sizes sand 
such mixtures; 

(4) approximate field method for the examination soils, 
determine their suitability for road surfacing. 


Basis THE INVESTIGATION. 


will readily seen that, carry out investigation along these 
lines, using artificially proportioned mixtures short lengths ex- 
perimental road, would not only involve large expense, but probably 
would not conclusive because the making artificial 
mixtures according given proportions and maintaining 
portions. Then again, materials tracked the experimental sections 
the traffic would tend affect greatly the value such sections. 
For these reasons was determined base these studies roads al- 
ready constructed various parts Georgia, and service from 
years. the course this work the writer has traveled over 
miles roads, selecting various sections sand-clay 
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roads which had been use for some time and had worn 
well, and concerning which definite information could secured 
materials used, methods construction, and behavior the road 
all seasons the year. From the best sections selected, samples 
the road surfacing actual service were chopped out with hatchet 
sample was taken for laboratory study. 

Samples were also taken from sections where such roads had not 
given entire satisfaction, account dust and mud. The writer has 
examined more than 900 samples, representing counties, and com- 
prising every typical sand-clay section the State. 


PROPERTIES THE 


properties clay depend the kaolin minerals and 
the impurities contains. The kaolin particles may consist pris- 
erystals, thin plates scales, both. The effect the impuri- 
ties depends the quantities each and their fineness. Clays have 
characteristic color; the pure are white, but they commonly occur 
blue, gray, red, yellow, green, and purple, due impurities. 


All clays are derived from the weathering feldspar, and the par- 
ticles vary size from small pebbles such minuteness defy 
measurement the most refined methods. The finer particles readily 


into solution water, and even the larger ones are easily moved 
running water. When removed this manner and deposited dis- 
tance, the deposits formed are called sedimentary clays. Those formed 
place the weathering feldspar are called residual clays. gen- 
eral, the sedimentary are finer grained and more than the resid- 
ual clays. writer’s experience has been that the latter make 
harder and tougher mixture for road work than the sedimentary clays 
when combined with sand. 

Clays vary greatly density, plasticity, and size grain. The im- 
portant characteristics this material for sand-clay construction are 
plasticity, shrinkage, and the property The plasticity 
indicated the ease with which clay when wet certain extent 
can moulded into various shapes which will retained after the 
material has dried. The drying out clay produces shrinkage 
which seems consolidate the particles into compact mass. The 
extent the shrinkage will depend the fineness the clay particles. 
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The coarser clays and those with much impurity (sand, ete.) shrink 
but little. The purer clays show tensile strength from 200 
per sq. in. when thoroughly dried; the coarser and impure ones 
have very little tensile strength. The most plastic clays resist water 
for long time, but the others often crumble pieces like quicklime. 
This rapid breaking down due the absorption water the pores 
the clay, sometimes quickly act with almost explosive sud- 
denness. evident that slaking clay would tend break down 
rapidly into mud when exposed rain and the puddling effect 

Sand.—Sand consists particles various sizes formed the 
disintegration the many kinds rock which quartz appears 
important component. ordinarily found, the individual par- 
ticles possess great crushing strength, well resistance abrasion. 
These two qualities are the greatest importance the sand-clay 
combination. 

Silt and Organic Matter—In most the natural sand-clay mix- 
tures occurring proper proportions for use directly surfacing 
material, the quantity silt usually from per cent. The 
quantity organic matter varies considerably, but, light and 
easily washed out the road rains, its only effect seems 
hold certain quantity moisture beneath the surface. Silt, not 
too large quantity, seems improve the road. few cases the 
writer has found silt and organic matter together quantities 
great 20% the total sand-clay mixture, and yet the road was 
good. Probably such cases large quantity water held 
this porous material and this aids binding the sand particles to- 
gether. Thus appears that these materials are not necessarily harm- 
ful the mixture. 


Whether natural artificial mixtures are used, the properties 
both materials which are best adapted resist the weather and the 
wearing effect traffic are utilized, and the unfavorable qualities 
both are largely eliminated using the two proper combination. 
has been shown that clay the pure state shrinks much 
10% when dried, and being wet again will expand equal 
extent. mixing clay with the proper quantity sand, these con- 
tractions and expansions may eliminated almost entirely. There- 
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fore, sand-clay mixture for road work, the sand, being held to- 
gether the clay, which usually more than fills the voids it, takes 
the wear the dry weather. wet weather the water 
quickly drains off this almost impervious mixture, and the sand re- 
sists the cutting action the traffic, although the clay may become 
puddled certain extent. 

The writer aware the difficulties and intricacies introduced 
into the subject the wide variety clays available and their 
different characteristics. Nevertheless, believes that the methods 
given this paper, which have thus far proved highly satisfactory 
the selection sand-clay materials many parts Georgia, will 
general value wherever such materials are found. This 
basis study these materials has been great service choosing 
the best number equally accessible deposits natural sand- 
clay mixtures. may with equal facility used for determining 
just what proportions the different materials should used order 
get the best mixture possible out the available local deposits 
where necessary make artificial mixtures. Most clays contain 
varying proportions sand, even when they appear almost pure. 
Clays are often sent from the southern part Georgia (where 
the surface soil very sandy and desirable lay clay top 
order mix with and form sand-clay surface), and 
analysis are found contain much 60% sand. 


Equipment.—So much that useless often purchased for labora- 
tory equipment that the following list given for the benefit those 
who seek definite information this subject. These have been found 
give quite satisfactory service, and need not cost more than 
about $50. 


One metric balance, 111-gramme capacity, reading 0.01 gramme. 

One metric scale, 500-gramme capacity, reading grammes. 

One set sand sieves, nesting, in. diameter, Nos. 10, 20, 40, 
60, 80, and 100, with dust pan and lid, all brass. 

Two steel moulds, brass lined, in. diameter, in. long, with 
5-in. close-fitting plunger. 

One wooden mallet. 


Six 300-cu. em. evaporating dishes, porcelain. 
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Two Bunsen burners. 
Several small tripods for burners. 


Several iron wire mats, in., for Bunsen flame. 
Thermometer, 150° cent. 


Six, 2-quart, enameled milk pans for baths, ete. 


The evaporating dishes should Royal Berlin porcelain, this 
the only kind that the writer has found satisfactory. 

Separation Materials—Samples are usually taken several 
parts, enable one determine what depth the material 
may used. some cases sample may three more parts, 
being 4-in. layers taken succession from the same hole, each being 
kept separate from the others. After analyzing each part sample 
separately, the composition the top 12, in. can de- 
termined easily. This gives clear idea the value the material 
and the greatest depth which may excavated. 

The essential objects the laboratory examination are ascertain: 
(1) Relative proportions sand and clay, 

(2) Physical analysis sand, 

(3) Physical properties the mixture sand and clay, 

(4) Presence other material which might prove detrimental, 
(5) Physical properties the clay. 


attain these objects, the following steps are necessary, the 


order their importance, and reduce the laboratory work 
minimum: 


(1) Separation sand and clay, 
(2) Mechanical analysis the sand content, 
(8) Slaking test cylinder sand-clay, 
(4) Examination for mica and feldspar, 
(5) Slaking test clay cylinder. 


1.—Separation Sand and Clay.—The sample examined 
first dried thoroughly the air; then through No. 
sand sieve (10 meshes per linear inch), lumps and clods being pul- 
verized with wooden mallet beforehand. All coarse materials caught 
the No. sieve are considered arbitrarily gravel, and all smaller 
materials are taken the sand-clay portion. Pieces grass, roots, 
are discarded, course, before weighing the two parts the 
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screened sample. The material held the No. sieve regarded 
being much the same the broken stone concrete mixture, 
and the sand-clay the cement and sand portion constituting the 
mortar such mixture. 

The part the sample passing the No. sieve then examined 
follows: successive quartering, about 150 grammes are taken and 
dried the air bath 100° cent. constant weight. This may often 
dispensed with, and the sample merely air dried. Then 100 grammes 
this material are weighed and placed porcelain evaporating 
dish; water added and the soil rubbed well until the clay particles 
are suspension. The clay suspension then carefully poured 
out and more water added; the process repeated until there 
faint coloration the water when the residue stirred up. 
washing the materials properly, practically all the organic matter, 
silt, and clay are removed, and only the sand particles are left, with 
possibly some mica and feldspar. 

2.—Mechanical Analysis the Sand—The moisture the residue 
the evaporating dish then evaporated, leaving the sand dry and 
ready screened. After weighing the sand screened through 
nest five sieves having 20, 40, 60, 80, and 100 meshes per linear 
inch. The weights sand caught each these sieves are deter- 
mined, and curve plotted showing the weights ordinates and 
the sieve sizes abscissas, based 100% for the total weight 
the mixture sand and clay. Thus the weights grammes show 
percentages the total. Fig. was prepared this way, and shows 
graphically the sand analyses number samples. 

8.—Soil Slaking Test.—A test cylinder, in. diameter and in. 
long, made the material passing the No. sieve wetting 
sufficiently make very stiff paste, and, after working thoroughly 
together, placing metal mould, using tight-fitting plunger 
compact the material much possible tamping with mal- 
let. This cylinder should dried constant weight the air bath 
100° cent. When entirely cooled should immersed completely 
glass jar water temperature 21° cent., and the time 
noted which disintegrates completely. Disintegration assumed 
complete when the cylinder has broken down until the material 
standing approximately its natural slope repose. 

sand-clay mixtures which have given satisfactory service, the 
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time disintegrate completely may vary from min. nearly 
hour; usually, will from min. This test will give fairly 
good idea the resistance any sand-clay mixture the action 
water, and, for purposes comparison, made more easily and 
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quickly than that described for the slaking clay alone. The 
most durable mixtures, general, are those which take the longest time 
disintegrate. Mixtures containing coarse, flaky clay may hold 
their shape for several days before breaking down completely, but this 
not frequent occurrence. 
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4.—Tests for Mica and Feldspar—Mica easily and 
its presence need occasion alarm unless exceeds the total 
sand-clay sample. This especially true the Southern Appalachian 
region, where mica often associated with the coarser sands, 
the weathered gneisses the crystalline areas that region. 
excess about 5%, mica will cause considerable trouble, acting 
lubricant wet weather and crushing into fine powder when dry. 
easily detected with the low power compound microscope, 
magnification from diameters being large enough, most 
cases, make out the characteristic laminated structure. 

The separation the mica often difficult operation. This 
especially true soils which present finely divided 
state. washing sample such soil, the mica will into sus- 
pension the water with the clay and silt. the clay and silt 
precipitate before the mica, easy remove the latter drawing 
off the wash-water and passing through paper filter. Otherwise, 
would impossible effect separation these Soils 
which there much finely-divided mica will usually present 
characteristic, lustrous surface. 

most cases, however, the mica can removed from the sample 
washing out the clay and silt carefully (as previously 
under “Separation Sand and Clay”), the residue being sand and 
mica particles. separation these can readily effected, the dif- 
ference the specific gravities being sufficient permit gravity 
separation when covered with water and gently shaken. The sand 
sinks the bottom and the overlying mica can removed with 
spatula. After drying, the mica weighed and the percentage the 
total sample determined. 

The most harmful the feldspathic materials, according the 
writer’s experience, occurs the form small pebbles, even 
large irregular masses, earthy appearance, and color ranging 
from light yellow dark brown black. Though easily crushed, 
will generally have more coherence than the clods earth clay 
the sample. Therefore, the larger pebbles can separated 
screening the dried sample through the No. sieve. pebbles 
other material are also found, the difference color will permit 
separation. The feldspathic materials passing the No. sieve, to- 
gether with the sand, clay and silt, will left with the sand, 


residue after washing out the other materials. Separation the 
can then made the manner described for 
material occurs greater proportions than about 
the total sample, dry weight, the road surface will cut and 
wash This figure based actual experience with 
few roads, and probably subject modification, depending the 
characteristics the other components any given sample. The 
presence fine feldspathic material will readily apparent the 
soil cylinder test. When the soil cylinder immersed the feldspar 
will almost immediately into solution suspension, and 
minute the water will become discolored that the cylinder 
cannot distinguished. 

The number cases which separation either these 
materials advisable will vary considerably. the ex- 
perience, about all samples examined were analyzed quantita- 
tively for mica feldspar. Although the methods described are ap- 
proximate, they have given very satisfactory results. 

5.—Slaking Test Clay clay from the 100-gramme 
sample can collected saving the wash-water and allowing the 
clay settle. Usually, the quantity clay from such small sample 
not sufficient make the test cylinder, that additional clay must 
removed from the material passing the No. sieve make 
the This cylinder made mixing the dried clay with 
only sufficient water make very stiff paste, which then moulded 
under sufficient pressure make compact mass. After drying 
air and then constant weight the air bath 100° cent., the 
specimen kept that temperature until least hour after the 
last trace moisture found condensation glass plate above 
the cylinder. important that the cylinder thoroughly dried. 
When properly dried completely immersed glass vessel 
proper size containing water 21° cent. The character the slaking 
and the time required for complete disintegration depend somewhat 
the temperature the water, and the freedom from moisture 
the dried cylinder, that, for comparison results, all specimens 
should thoroughly dried and the water for the test brought 
the same temperature each case. 

The slaking clay similar that quicklime, except that the 
action entirely physical and not chemical. time and character 
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the slaking give idea the value the clay binder the 
sand-clay mixture. clays which have been separated from samples 
taken from road surfaces which have proved satisfactory, the time 
for the clay cylinder disintegrate completely varies from 
the average being about min. The degree disintegration 
the clay may vary from finely divided particles flakes almost in. 
long. general, the coarser the particles the better the indication 
for suitability for road work. Clays which disintegrate completely 
than min. may regarded with some suspicion, but need 
not necessarily rejected entirely, unless the sand analysis and the 
soil cylinder also give poor tests. 

Typical Examples, with Analyses and Road 
thought that few characteristic cases from actual practice may 
interest. Table given list the samples, with the locality 
from which each was taken. Table shows the sand and clay an- 
alysis, based the dry weight the sample, the total weight each 
sample being taken 100%; all sand percentages are based this. 


TABLE ANALYSES. 
Total Weight Sand and Clay. 


Nore. —Sand No. 10 is based oh on gross sample = 100%. and includes all gravel. Remain- 
ing portion table analysis material than No. 10. 


Fig. shows graphic analysis these samples, with the sand 
analysis detail. This diagram also gives, graphically, the limits 
between which the writer classifies his samples, basing such classification 
the sand analysis well the clay content, both which are 
shown. 

The limiting curves separating the analyses into four groups are 
based the writer’s experience, and are given with full confidence 
their utility. They are sufficient accuracy considerable 
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service classifying sand-clay mixtures properly and quickly, and 
arriving reasonable approximation their value road material. 
Quite often will found that the sand analysis alone may show 
that the material unsuitable, and much time may saved that 
might otherwise have been lost continuing the examination and 
applying other tests. 


TABLE 2.—Roap 
Sample Numbers Refer Corresponding Numbers Table 


Sample No. County. Road. Sample taken. 
6.7 miles south Statesboro. 
Dougherty .|Albany-Thomasville . .. {4.8 miles south of Albany. 

.|\Clarke...... . Athens- Danielsville. \8.2 miles northeast of Athens. 
‘ ...|Dougherty ...... Albany-Thomasville . . ..|2.1 miles south of Albany, 

Habersham ..... Clarkesville-Cornelia ....... 1,2 miles from Clarkesville. 

Athens-Barnet Shoals....... 4.3 miles from Athens. 

Bridge.......... 2.0 miles north Gainesville. 

SS Clarke........... Athens-Whitehall........... 2.0 miles from Athens. 

Decatur.......... Bainbridge-Jacksonville..../7.0 miles south of Buinbridge, 


The analyses falling the group marked “Hard” will usually give 
durable, hard road surface which wears exceedingly well, and, after 
consolidation, can cut only with great difficulty road machine, 
all. Analyses the “Medium” group will give excellent, 
smooth, hard, surface, but one which may cut little protracted 
wet weather. Such surface too hard attempt shape with 
road machine, except after very long wet periods. This may taken 
sort “average” quality sand-clay. 

The analyses grouped the “Soft” class give surface which 
much superior the ordinary earth road, but which will tend 
somewhat dusty dry weather, and will cut easily and tend wash 
wet weather. Material this type requires re-shaping, after every 
heavy rain, with road machine drag. The class “Very soft” com- 
prises all materials which have too large clay content give satis- 
factory road surface; they should not used all, the expense 
scarcely warranted for the kind road surface that can obtained 
with them. 

The writer’s method make the separation sand and clay, 
and then the mechanical analysis the sand. the material shows 
poorly the sand analysis, the further tests are not made, unless, 
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after making similar examination all other available materials, 
appears the best available. Each case special problem 
economy, and study each will indicate the proper method 
using local materials they can used all. 


Histories. 


The following brief history the various roads, samples 
which were analyzed and the results presented Table and graphi- 
eally Fig. 

106.—Bulloch County.—Had been service years time sample 
was taken. Excellent, hard, smooth surface, but occasionally dusty 
prolonged dry seasons. Softens wet weather and cuts badly then. 
Re-shaped after heavy rains with light drags. Artificial mixture. 

smooth surface dry weather. 
Road service about years sample was taken. Softens and 
washes heavy rains. This material, found about ft. below natural 
surface, used without addition other material. 

124.—Sumter County.—Very good, smooth surface, but softens and 
washes badly wet weather. Re-shaped with light drags after even 
moderate rains. This generally true all the roads this county, 


the materials available being very similar mechanical analyses. 
Natural mixture found ft. below surface. 


150.—Clarke use years, with practically none 
but the very lightest repairs, when sample was taken. Cost main- 
tenance, given superintendent, averaged less than per mile per 
year. Very little dust; firm, hard road surface throughout the 
year, though freezing and thawing might. times soften the crust 
for depth inch so. re-shaping with road machine pos- 
sible, account the hardness the compacted material. This 
seems represent the best and most durable type sand-clay com- 
bination yet found Georgia. Natural mixture found topsoil 
cultivated fields. 

use about years time sample 
was Good hard surface, softens but little wet weather, and 
wears well, keeping good shape. Too hard re-shape dragging. 
Few repairs. Natural topsoil. 

223.—Richmond County.—Reports roads which this material 
had been used indicate that produces very satisfactory results. This 
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material shipped rail for road construction for distances great 
100 miles. The analysis Table indicates that this really 
low-grade gravel rather than sand-clay mixture. Yet interesting 
note that the mechanical analysis the portion this material 
smaller than No. mesh agrees very well with the mechanical 
the better classes sand-clay mixtures which, with very small 
gravel contents, have given results almost good. The mechanical 
analysis shown Fig. considering only the portion smaller than 
No. mesh. This material dug from large pit near Augusta, 
and has been use for many years. 

road from which the sample was 
taken had been use for about months. The surface hard and 
smooth, and softens but little wet weather. This material was 
selected the writer after sampling large number local deposits. 
Haul, about 2000 ft. Cost place, for 16-ft. width surfaced 
roadway, about $500 per mile. Local officials, after using macadam 
about 000 per mile, pronounce this better road than macadam, 
even initial cost and maintenance were equal. Local natural mix- 
ture sand-clay from topsoil cultivated field. 

about years time sample was 
taken. Hard, durable surface. Few repairs. Too hard drag. Ex- 
perience quite similar that No. 150. Natural topsoil sand-clay 
mixture, obtained from nearby cultivated fields. 

County.—In use less than year. Replaced macadam 
road that cost per mile, and gives better satisfaction than the 
macadam. Cost $350 per mile for 16-ft. width roadway. Material 
natural topsoil from nearby cultivated field. 

County.—Road from which sample was taken had been 
use about years. This road was surfaced with very thin layer 
natural topsoil from adjoining fields, that, after being compacted 
traffic, its thickness was about in. seasons prolonged wet 
weather traffic occasionally cuts through and mud-holes are formed. 
The material excellent, but has not been used sufficient quantity 
give the best results. comparison its mechanical analysis with 
that other samples indicates its high quality. 

road from which this sample was 
taken had been use about one year. This practically improve- 
ment over the ordinary earth road, the sand content low 


2.—NATURAL ROAD, NEAR CENTER, GA. 
In Use AsBout 60 YEARS. 


Fig. 3.—NEAR THE SAME PLACE AS Fig. 4.—TyYPIcaAL SAND-CLAY RoapD 
SHOWN By Fic. 2. New Roap IN THOMAS COUNTY, SOUTHERN 
ON THE RIGHT. é GEORGIA. 


Fig. 5.—TALLASSEE ROAD, CLARKE COUNTY, GEORGIA. TOPSOIL IN PLACE 
Six Days, WITH Two Days oF HEAvy RAIN. 


Fig. 6.—CENTER ROAD, CLARKE CouNTY, GeorGIA. CLAY ROAD aT LEFT. 
NATURAL TOPSOIL ROAD aT RIGHT. 
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value in, improving the quality the road surface. 
very dusty dry and wet weather, after the traffic has 
been few days. difficult maintain ordinary earth 
clay road. Material used was taken from adjoining fields 
depth ft. 

Table summary the road histories and the corresponding 
analyses, for comparison. For simplicity, the portion the sample 
larger than No. will considered apart from that smaller than 
No. 10. 

Effect No. Sand.—Comparing Sample No. 106 with the others, 
found contain larger quantity No. sand than any 
them, with the exception No. 223. No. 223 really low-grade 
gravel, and discussed succeeding paragraph. The history 
No. 106 not nearly satisfactory that the remaining samples, 
except Nos. 108 and 282. Sample No. 108 slightly more satisfactory 
than No. 106, and No. 282 practically earth road. Furthermore, 
Samples Nos. 124, 215, and 272, which contain No. sand all, 
have given much more satisfactory service than No. 106. 

has been found the writer, gravel and chert 
roads (Augusta gravel being typical material), that the part 
larger than No. considerably the few samples exam- 
ined, although the composition the part smaller than No. was 
fairly constant the proportion sand clay. The gravel part 
any sample may reasonably taken approximate measure 
the durability road built with such mixtures. addition, 
sample has considerablé proportion gravel and deficient 
sand, the presence the gravel will largely offset such defect. 

From the foregoing clear that the effect No. sand 
mixture may be, either that making deficiency sand 
the portion the sample smaller than No. 10, increase durability 
when there deficiency sand. Hence, its effect depends largely 
the analysis the portion.of the sample smaller than No. 10. 

Material Smaller than No. 10.—Based their histories, the samples 
Table may divided into four groups: 

Ordinary earth, No. 282; 

Inferior sand-clay, Nos. 106, 108, 124, and 272; 

Superior sand-clay, Nos. 150, 215, 369, 416, and 501; 
Low-grade gravel, No. 223. 


TABLE ROAD HISTORIES AND ANALYSES. 


Sample No. 


Character of Road Service : 
In dry weather............. Hard 
In wet ahs 


prolonged weather 


Sands Nos. 20-60, percentage ....... 

Total sand, percentage....... 

Total clay, percentage........... 


:—* Data for No, 223, based roads built near Augusta, Ga. 
No. 272, Road use months time report. 
No. 416, Road use months time report. 
No. 282, practically earth road. 
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Considering second and third groups, the sand-clay an- 
alyses may condensed into Table 


InFERIOg SanD-CLays. Superior Sanp-Ciays. 


Limits. | Average. Limits. Average. 


Sand total 52. 6-60 09% 8-71. 
Sand Nos. 20. -0% 45 .0-57.9% 
Sand No. 100 dust 5% 4.1-13.8% 


The principal differences between the two groups are: 

The total sand content inferior mixtures averages about 11% 
less than superior 

The total quantity sand from Nos. 60, the former 
averages 15% less than the latter. 


Effect Size Sand—Although the quantity clay nearly 
the same Nos. 106 and 282, the former much more durable 
material. Roads built the former withstand severe rains far better 
than those built the latter material. account for this, must 
remembered that the analysis the whole sample No. 106 is: 
Sand No. 10, 6.5%; sand No. dust, 43.7%; clay 43.8 cent. 
The difference the clay content only about the two samples, 
which seems too little account for the great difference their con- 
duct. reference the sand analyses the two samples, 
seen that No. 106 contains nearly three times much the No. 
and No. sands, nearly the same quantities Nos. 60, 80, and 100 
sand and only one-third much dust, No. 282. This considerable 
difference the ratio coarse fine sands explains, large measure, 
the difference the durabilities the two materials. 


CoNCLUSIONS. 


study nearly thousand analyses, the laboratory, and 
comparison the results attained with such materials actual road 
construction, have led the writer formulate the following tentative 
working rules for examining sand-clay mixtures and basis for 
making proper combinations for artificial mixtures: 


67.6% 
51.4% 
8.9% 
82.7% 
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(1) The total relative sand content, disregarding the size the 
sand grains, criterion the value the material. 

(2) The sand smaller than No. little value the mixture, 
that smaller than No. 100, except very small quantities, 
detrimental. 

(3) The greater the proportion coarse fine sand the harder 
and more durable will the road surface be. 

For the best possible results with sand-clay mixtures, the sand 
smaller than No. and larger than No. should not 
less than 45% nor more than 60%, dry weight, the 
entire sample. addition, the sand smaller than No. 
and larger than No. should composed about equal 
parts Nos. 20, 40, and 60. The total sand content should 
case exceed 70% weight, the total sample. 

Test cylinders the sand-clay mixture, in. diameter 
and in. long, should, when thoroughly dried air bath 
100° cent., take least min., when immersed water 
21° cent., crumble down the natural slope: the 
material, and preferably should take min. the cylinder 
fails this test, should regarded with suspicion. 
the sand analysis poor and the cylinder test 
the material not worth using. 

Test cylinders, made from the clay removed from the sample, 
in. diameter and in. long, should take least 
min. crumble down the natural slope the material, 
when immersed water 21° cent. fails this test, 
but passes the test the preceding paragraph, may used, 
but indicates poor quality binder. 


rapid aid forming judgment the field the value 
any mixture, the writer offers the following: buggy inspection 
made the natural soil both sides the road improved. 
Samples are taken wherever the surface appearance seems indicate 
favorable material. These samples are placed paper bags, with 
notes the location, etc. The samples are usually taken for depth 
in. Each sample can dried sufficiently spreading out 
the sun thin layer. When dried, the sample may placed 
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the residue the screen and the finer material. Then 100 grammes 
the part passing this are weighed and placed evapora- 
ting dish. careful washing, few minutes practically all the 
may washed out, and rejected. The sand residue then 
dried with alcohol flame, and weighed. then placed 
No. sieve nesting over No. sieve. screening the sand thus 
can quickly separated into three sizes: No. 20, between Nos. 
and 60, and smaller than No. 60. These three portions can weighed, 
and this information very good idea may obtained the 
comparative value the material, without additional tests. 

The proportion the material coarser than No. indicates the 
proportion gravel present. The separation into No. size and 
between Nos. and shows practically into what class the mixture 
would fall, and the portion smaller than No. would indicate the 
quantity almost worthless material the mixture. using 
Fig. very good idea the quality the sample would gained. 


There are two general methods construction use, one which 
the natural mixture sand and clay used, the other which 
artificial mixture made using two more materials which are 
mixed plowing together, puddling, ete. 

Construction with Natural method which the 
writer believes simplest, and produces excellent results, fol- 
lows: Natural mixtures the proper proportions sand and clay 
may found the natural topsoil cultivated farms, may 
found below the surface various depths. The material comprising 
the topsoil cultivated land, when composed the proper combina- 
tion sand and clay, has probably been more thoroughly weathered 
and therefore less likely wash and disintegrate when placed 
the road. Cultivation has also produced more thorough and complete 
mixture the two materials. 

the northern half Georgia the topsoil large areas, especially 
excellent sand-clay mixture. the southern half Georgia, 
natural mixture sand and clay often found depth from 
ft. below the surface. Such material not usually very well 
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weathered, that, after being placed the road, certain 
found wash quite readily with the first few rains. 

sub-grade the roadway brought level slightly convex cross- 
in. thick, the material being spread fast delivered and 
not dumped piles here and there. This layer spread 
width ft. for nominal 30-ft. roadway. After sufficient quan- 
tity has been placed this manner, road machine drawn 
along the ditch line, cutting about in. deep the outside, and the 
blade set cast the material from the ditch against: the edge 
the sand-clay layer. this way shoulder built the 
sand-clay hold place. This also shapes the ditch. After both 
sides have been thus shaped, the road machine, successive passages, 
rounds the cross-section the sand-clay give proper 
the roadway and smooth line from the crown the 
soon the road shaped, traffic and the construction teams begin 
compact it, and rapidly becomes consolidated without the use 
road roller. the consolidation progresses, ruts are formed, 
and they should filled and proper cross-section maintained the 
oceasional use the road machine for period about 
Unless this done, the road surface will become rutted and rough, 
and eventually compacted with crown which will prevent 
proper drainage. After the material has been consolidated into 
hard mass, the difficulty securing good largely 
increased. 

The cross-section which seems have given the most generally 
results parabolic form with crown in. per 
that is, for roadway surfaced for width ft., the crown would 
in., and the height the center the road above the ditch (for 
road having width ft. between ditches) would 7.5 With 
steeper crowns than this has been found that the surface cuts into 
series parallel ridges running from the wheel tracks the 
and making very disagreeable for travel. crown 
given, the provision for wear too small, and the drainage may 
not prove satisfactory after comparatively short time. 

For several months rains are apt soften the top crust and cut 
the smooth surface, but patience exercised and the road 
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JEFFERSON ROAD, CLARKE COUNTY, GEORGIA. 


Fic. 7.—Topsorm PLACED Stx Hours Fig. 8.—TopPpsorL AFTER ONE WEEK 


BEFORE PHOTOGRAPH WAS OF TRAFFIC, WITH THREE 
TAKEN. HEAVY RAINS. 


Fic. 9.—JEFFERSON ROAD AFTER SIX MONTHS OF TRAFFIC, OCTOBER, 1912, To 
MARCH, 1913. TWELVE Hours AFTER Heavy RAIN. 
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machine used maintain the cross-section properly, will found 
that the puddling action the traffic when the road softens great 
aid final consolidation. 

Construction with Artificial _analyses made 
materials proposed for use account accessibility, and from study 
their sand analyses, the proper ratio which two more materials 
should mixed can determined secure the best possible 
results with the available materials. Three cases arisé which ar- 
tificial mixtures are used: 


(1) Sand foundation, where clay hauled and proper mix- 
ture made disk plowing and puddling. 

(2) Clay foundation, where sand hauled and mixture 
made above. 

(3) Soil foundation, where both .sand and clay are hauled 
and mixture made. 


any these three cases the proper mixture the materials and 
the puddling action traffic are necessary secure good con- 


mixture, but, except for this, there essential difference 
the fundamental principles applying construction with either 
artificial natural sand-clay mixtures. The use the road machine 
maintain the cross-section and the height the crown should 
the same for each type construction. For the softer varieties 
sand-clay, the split-log and other forms light drags may used 
effectively maintenance. 
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DISCUSSION 


JAMES, Assoc. Am. Soc. (by author 
has been particularly fortunate his studies mixtures 
for road surfacing, that his investigations have been made the 
best point all North America for such purpose. The 
pecially concerned the sand-clay type construction the Coastal 
Plain Upper Piedmont and Tidewater. State 
lines, therefore, Georgia, and especially North Georgia, the center 
the sand-clay territory. The best natural mixtures are probably 
found wherever the Orangeburg sands the Lafayette formation are 
common, confined his investigations these 
conditions, the author’s conclusions stated little more 
strongly than they would have been had his experience studies 
covered wider territory. safe state that sand-clay roads can 
built few sections the United States such way give 
great degree Clarke Elbert Counties, Georgia. 

For several years the writer has had wide experience sand-clay 
work throughout all the Coastal Plain from Virginia Southern 
Texas, and recognizes the importance this type construction. 
For large section the Southeastern States the only possible 
type improved road for large mileage the country highways. 
The importation stone prohibitive because excessive cost; shell 
too friable and.soft; brick, even natural sand foundation, 
too expensive; and concrete practically out the question because 
the cost both sand and aggregate. 

For many counties the Southern States, therefore, the sand- 
clay road the only improved type within the means the locality, 
and the only one economically warranted the conditions traffic 
the present time and probably for many years come. many 
sections, especially the Tidewater and Coast counties the natural 
soils are prevailingly sandy. difficult find good clays. The sand 
beds are bad as, worse than, the clay mud the uplands, and, 
moreover, they are bad, not only winter, but all the year round. For 
this reason the sand-clay road especially valuable these sections. 
The natural soil well drained, and the latitude precludes any lasting 
great degree frost. The question these regions not com- 
monly select materials that will produce sand-clay certain 
stability, but use the materials hand skilfully produce 
alleviation the almost intolerable conditions presented the sandy 
roads. 

the counties along the coast, and usually for about 100 miles 
inland, the sands are fine and often floury; all clay, except occasional 
small pockets white gray pipe-clay, mottled red and gray 
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variety, carries large percentage this fine sand. Consequently, the 
field methods testing the clays described the author would, 
the writer’s experience, rejecting majority those 
available, and discarding all but the rarest deposits sand. 

The author’s conclusions, are recognized well founded, 
especially regard the value coarse sand. 

For sand-clay mixtures, the writer has frequently most 
simple field test, which has served his purpose well. The sources 
material are located and selection made, depending usually the 
length haul and the depth the deposits beneath the surface. The 
immediate problem determine the best mixture the materials 
selected. 

Typical samples are taken both sand and Mixtures are 
made, ranging from part sand parts clay, parts sand 
clay, sometimes beyond these limits, the materials appear 
warrant it. These mixtures should made vary one-half 
part, 1:3, 1:2, ete, 14:1, 2:1, and ‘be 
worked with water into putty-like masses. 

From each test, mix small sample eu. in., out 
with small measure, The writer has found medicine glass, 
even large brass thimble, handy. only essential get equal 
samples from each test mix. These samples are then between 
the palms the hands into reasonably true spheres and placed the 
sun dry. Some designating marks may scratched on. them. 
When thoroughly baked, they are placed flat pan 
dish, and enough water poured the pan cover them, care being 
taken not pour the water the samples. 

will begin once. The lapse time found Mr. Koch 
with his compressed specimens not found this stage. 
ing, however, will proceed different rates. The sandy specimens 
will break down first, those with excessive clay will disintegrate second 
order, and those having about the proper proportions will act more 
slowly. Usually, there will one two that determine the proper pro- 
portions the materials, and, the writer’s experience, these will 
usually lie together the series test mixtures. 

supplementary test some value can also made the dry 
spheres. Lightly rubbed with the thumb, those having too much sand 
will break down rapidly. Those having too much clay will soon begin 
“dust” away, and those having the most stable mixtures will as- 
slightly glazed effect under the light rubbing, due the 
moisture and oil the skin. These two tests will not give the same 
results, The dry test will indicate mixture richer clay the 
one, and test will indicate sandier mixture. The 
sample indicated satisfactory under the wet test that lies between 
the other two will prove best service. 
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These extremely simple tests not determine the sand clay 
content the mixture, for the selected almost always 
sand, and this, most cases, contains silt clay. 
tests, however, serve fix the actual values the mixture the pit 
run, represented the samples. 


Blanchard. " wide 
sion will limited calling attention certain features the 
construction sand-clay roads which believed the author should 
include his very valuable contribution the literature this 
subject. 

The author states that the first cost averages $500 and the annual 
cost maintenance per mile; and then emphasizes the: fact, 
agreed with the speaker, that there place for the sand-clay 
Very little information, however, given with reference local con- 
ditions. the fundamental principle sound practice use that 
type road pavement which economical and suitable for given 
set conditions, would great value American engineers 
have hand especially more detailed knowledge relative the 
traffic the various types roads referred the paper. 

Another part the paper which believed could advantage- 
ously amplified that relative the effect different percentages 
sand-clay mixtures retained the 10-mesh sieve, when such mix- 
tures are used under various climatic and traffic conditions. 

There are many highway engineers who, without doubt, will dis- 
agree with the author dividing gravel and sand the basis 
material retained passing the 10-mesh sieve. The speaker be- 
lieves that the 4-mesh sieve rapidly being adopted the basis 
division between these materials. 


Assoc. Am. Soo. E.—The speaker has 

this paper with great interest. From evident that the clay- 

bearing materials are being given proper economic consideration the 

highway development the South. New York State, however, 

clay material which, according many highway engineers, 

possesses little value, but, the contrary, contributes char- 
acteristics highly detrimental proper highway construction. 

Specifications prepared highway commissioners, especially those 

the State New York, have insisted that the foundation course 

shall filled with screenings, gravel, sand, and have invariably 

ruled against filler which would classified From the 

speaker’s experience, covering responsible charge the construction 

more than 300 miles highways, total cost 

has been led believe that clay-bearing material, applied 

filler when dry, makes foundation stable filler sand 
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the screenings non-cementitious stone, and less likely 
disintegrate. 

common knowledge that clay may used advantage 
binding the top course macadam ‘roads cases where the dust 
from the crushed stone possesses cementitious quality. 

Perhaps not inappropriate, and may prove interesting, call 
attention the results obtained from the use the sand-clay-bearing 
gravels the Hudson River material for successful road con- 
struction. What true the cementitious gravel the Hudson 
would true similar deposits other parts the country, but 
should not presumed that every gravel bank necessarily contains 
the characteristics cementitious gravel. 

This material has been used for years the Parkway Systems 
Greater New York, originally water-bound material and, 
more recently, covered with hot oil. The roadways proved very satis- 
factory until the advent the motor bus, which unusual traffie they 
could not withstand, nor was intended that they should. 

This same material has been used.on the sandy soil Long 
Island with excellent results, spite the crude method, rather 


lack method, used the construction some the 


Frequently, was dumped the sandy road, spread carelessly, and 
left for the traffic compact into smooth surface. spite 
this, however, soon ironed out and made most excellent road 
covering, considering the time and money spent construction. 
the other hand, under the direction the New York State Highways 
Commission, roads the highest type have been built this material 
the water-bound method and the application 
proper care being exercised rolling and puddling. 

With respect roads this latter class, the speaker wishes call 
attention partial failure, point out the and perhaps draw 
lesson from the experience. 

Hot oil had been during the late fall, and properly 
ered, but, the following spring, the the sun caused the oil 
bleed and adhere the iron tires slow-moving vehicles, which 
drew part the top course and deposited few feet ahead. 
This resulted alternate holes and mounds, and caused very un- 
even surface which gradually became more pronounced the holes be- 
came larger through wéar. soon the first indication bleeding 
occurred, the surface should have been covered with sand prevent 
this unfortunate One enterprising citizen did apply this 
remedy front his own property, with the result that the top 
surface good to-day was the time the completion. 
the road. 

Hot oil treatment water-bound roads, whether stone gravel, 
must have certain amount immediate attention during the period 
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when the oil susceptible bleeding. Such attention simply means 
the application blotting material. 

foundation course sandy soils, cementitious gravel has 
proved unqualified least the speaker’s experience, for 
has known failures. Failures not mean that stretch 
ft. miles might not prove unsatisfactory; that might happen 
with any foundation, due causes which could not guarded against 
the time the construction engineer. The larger the mineral 
aggregate, the better the foundation, just sufficient sand and 
are used fill the interstices. mixing-method top placed, 
the speaker would advise that the foundation course thoroughly 
puddled and dried before the top course laid. 

foundation course for country highways, believed that 
gravel containing fines cementitious nature preferred 
either broken stone concrete. 

First, costs less. Incidentally, might interest know 
that practically all materials entering into the construction roads 
Long Island must imported, whether crushed stone, Hud- 
son River gravel, so-called Long Island gravel. The latter exists 
only the north shore the Island any sufficient 
used economically for work any moment, must dredged, barged 
Long Island there transferred cars, and then hauled its 
destination. Even then, this material should only used concrete 
construction. 

Where materials have imported, should remembered that 
broken stone, even the same cost the point destination, costs 
approximately one-third more than gravel, due 
about 33% under the weight the roller, and also the necessity 
the other hand, gravel, when measured bulk barges cars, 
will about equal the quantity rolled place the road, requiring 
extra material for filling. Concrete requires about 80% the 
quantity stone and gravel, with the addition 40% 
sand, together with the cement, the quantity which depends the 
proportion the mixture. 

the contrary, where the importation road-making material 
unnecessary, the use cementitious gravel saves the cost 
and the incidental expenses associated with such process. 

Second, proper gravel foundation possesses the resiliency which 
generally recognized necessary for successful road, especially for 
country highways. Broken-stone foundations possess this characteristic 
less degree, and concrete entirely lacking it. 

the case asphalt pavements, they are now designed overcome 
the lack ‘resiliency the concrete foundation the use in- 
termediate cushion course between the concrete and the asphalt 
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surface. the properly designed mixing-method pave- 
ments small mineral aggregate when placed concrete foundations; 
should provided with this cushion course. 

Where conditions traffic require pavement considerable per- 
manency, the mixing method may -be used. The speaker designed 
pavement consisting mixture asphalt and gravel the pro- 
the gravel containing not less than 10% clay. The gravel 
was bank-run, the largest particles which were in. the 
longest dimension, containing sufficient fines fill the voids partly. 
The bitumen was fluxed natural asphalt with penetration between 
and mm. when tested for seconds 77° Fahr., No. 
needle weighing grammes. 

The gravel was heated revolving dryer with 
temperature more than 225° Fahr., after which the asphalt, heated 
not less than 275° Fahr., was added; then the mixture was placed 
revolving mixer until thoroughly and completely coated with 
bitumen. The mixture, not less than 225° Fahr., was spread 
the prepared bottom course with shovels from dumping boards, and 
raked uniform surface with hot rakes, after which was rolled 
with self-propelled roller weighing least tons, until was 
thoroughly consolidated. 

some sections this pavement there was placed in. gravel 
screenings containing not less than 10% clay which was saturated 
with water and rolled thoroughly and continuously until clay mortar 
had been obtained. This process filled all the surface interstices with 
gritty and adhesive substance which made the road practically 
“non-skid”. time the traffic drove away all surplus screenings, 
leaving mosaic surface. 

different method treatment was applied this form pave- 
ment the more thickly settled communities. After the mixture 
had been ‘rolled, was covered with coat hot oil seal coat, 
this seal coat being applied November. the following spring, 
under the action the sun, the road bled some extent, and became 
sticky few places that the oil adhered wagon wheels, which 
pulled some the top course. This condition could have been 
avoided the authorities charge had covered the pavement with sand 
gravel screenings soon became apparent that the hot oil 
had tendency bleed. material harm was done, however, the 
continuous traffic carried sufficient sand and dirt the pavement 
that the stickiness the oil had disappeared. 

Such treatment obviates the general complaint against the so-called 
stone-mixing method pavement where greater quantity asphalt 
used and where the seal coat the same cotisistency the asphalt 
binder the top course proper. These objections arise from the 
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hardness and slipperiness surface, which, during the greater 
portion the year, make. for horse because 
the former characteristic motor traffic account latter. 

suggested that, where the hot omitted at: the time 
the original construction, the surface covered with hot 
oil gal. per sq. the following year. With 
the hot oil squeegee course, place the seal coat the same 
the bitumen, the pavement proper giyes less hard and 
slippery surface, which desirable country highways. 

The speaker’s experience has convinced him that large plant, 
successfully, and that equally good results can 
obtained from the use small mixers costing from 500 

This pavement cost about 85.cents per 
sq. oil seal coat about cents per sq. yd. for 
pavement in. depth. This cost compares favorably with similar 
figures for mixing-method pavements other parts New York 
State. The speaker quotes from statement attributed superin- 
tendent highways, New York State, relative costs similar 
pavements graded stone material, follows: 


The gravel used this cost approximately $2.35 
per cu. destination, but where material can ob- 
tained near the site the works, the cost cents per sq. yd. can 
materially reduced. 

From observations mixing-method pavements laid New York 
City and vicinity, with graded stone mineral aggregate, 
ventured that the percentage disintegration great as, not 
greater than, the bituminous gravel pavement laid during the same 
period time. fact, after year’s total 112000 
sq. yd., 0.04 1%, less than sq. yd. this gravel mixing- 
method pavement had disintegrated. 

The road which received the treatment hot oil squeegee 
course was dug many places during year following its com- 
pletion for investigating purposes, and, where removed, the material 
thrown back retained its vitality such extent that the top course 
healed itself that observer could not discover where .the 
pavement had been disturbed. 

designing country highway, not only the original outlay, but 
the cost and ease maintenance should given proper consideration. 
Those who have had experience the upkeep gravel roads realize 
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the small expense necessary retain them their original condition. 


Where slight depressions from time time, all that necessary 


place sufficient quantity gravel these depressions and 
allow the traffic consolidate it. cases where the road has become 
pitted such extent that requires more extensive treatment, 
can harrowed, re-rolled, and puddled, and, with the 
addition small quantity material, can made good 
the original comparatively slight cost, due the presence the 
clay-binding material. This treatment cannot successfully consum- 
mated broken-stone roads, for soon the bond old stone 
macadam road broken, the material usually worthless. These 
peculiarities the two materials result very pronounced saving 
the maintenance gravel roads, compared with that broken- 
stone roads, whether not they had been subjected hot oil treat- 
ment. The ease maintenance the gravel, mixing-method pave- 
ment sufficiently illustrated the self-healing incident referred to. 

The speaker led believe that gravel, sand, and clay have not 
been given the consideration they deserve the highway engineers 
the United States. section the country which possesses clay 
and sand-bearing gravel, engineers can well afford investigate its 
uses for purposes, either foundation course, water- 
bound top course with without hot oil treatment, top 
using the mixing method. 

conclude, the speaker cannot express himself more clearly, 
relative the use gravel, than referring the following state- 
ment 

well built and well maintained gravel road preferred auto- 
mobilists macadam roads even roads paved with more expensive 
materials. The gravel road springy and resilient and gives good 
grip the tires. produce the jar that exists riding over 
paved road with unyielding foundation.” 

This also true for the man who uses his horse for either business 


Owen, Am. Soc. E.—This question sand-clay roads 


was initiated about years ago the suggestion the United States 
Office Public Roads, and the writer believes that roads that type 
were afterward constructed South Carolina. The idea was sug- 
gested the writer his experience the construction speed- 
way, for the surface which natural materials were available, 
that they had manufactured the best possible manner, and 
the mixture that had been made South Carolina was tried. There 
was available some very good, greasy, gray clay, which was essential 
for the work, and about miles away there was very good bed 
sand mix with it. The writer, however, made five six mixtures 
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the sand and clay before obtained what might considered 
perfectly surface. These mixtures were put down 
places where there was considerable travel, and thus the best method 
surfacing was ascertained. 

The speedway was built with the mixture giving the best results; 
the clay was spread over lumps; the sand was then put top 
that, and the two wete spaded together and rolled. 

One interesting thing happened these experiments. The mix- 
ture was made according preconceived idea the standard 
surface, and when was completed was impossible get smooth 
trotting way for horses. The surface was rolled, but would not 
come down, under the conditions prevailing that time. acci- 
dent, bed what known. New Jersey loam was found, and 
coating this, from in. thick, was put on, rolled down, and, 
with the consolidation the gravel and the clay top, and the 
addition the loam, perfectly smooth and constant roadway surface 
was 

well note here that, the construction sand-clay roads, 
strange results may obtained. New Jersey there are two classi- 
fications roads; the north they are stone, the south, 
both sections there enormous travel, automobile 
and horse, and the experience to-day tends confirm the belief 
that the gravel roads are much more constant uniform maintenance, 
much cheaper to. repair, and much more satisfactory travel 
than the stone roads, and here comes the whole question, enun- 
ciated this paper, that the original idea macadam roads the 
best means travel under the old regime, horse travel 
steel tire travel, has passed that all localities the United 
States there material hand which should used for the. pur- 
pose for which required, and manipulated that results 
are good. 

Roadmakers the future must not rely stone 
tain conditions for the wear and tear travel. 

the case the Georgia roads, the climate considered, 
and this may more serious than thought first. 
frost does penetrate any great. depth; there rarely any frost, 
except the high lands; but that does not affect the maintenance 
roads, and, far that concerned, the practice that applicable 
may applicable the Northern States, where frost 
often penetrates the ground from 

Experience New Jersey, however, shows that there 
doubt that much more use the natural material, 
properly manipulated, than import ideal material make the ideal 
road, which the end does not give ideal results. 
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seems under the impression that the writer’s investigations and 


studies sand-clays were confined those restricted area 
North Georgia, and that the sands prevalent were “the Orangeburg 
sands the Lafayette formation”. For the purpose making clear 
that typical sand-clays, representative the entire State Georgia, 
were examined, may sufficient state that analyses were made 
from numerous samples from counties lying the Coastal Plain, 
from counties the Fall Line, and from counties the 
Piedmont Region. The writer has not been able find any geological 
account the existence the Orangeburg sands the Lafayette 
formation the northern third Georgia, which almost altogether 
igneous and character and often referred the 
Crystalline Area. According Professor State Geolo- 
gist Georgia, the Lafayette formation found only the Coastal 
Plain, and has probably been confused with certain red sands and 
gravels the Eocene and Cretaceous formations, also there. 
generally known, the sand-clays the Crystalline Area give 
far better results road work than those ‘other formations, the 
sands the Lafayette formation being only minor importance. 

The road problem the Coastal Plain along the seaboard 
how overcome the difficulties incident surface soil composed 
largely very fine sand. often possible find fair supply 
clay few feet below the surface. This may contain from 
60% fine sand. such material used, generally produces fair 
results, and certainly much better than the sand road. With refer- 
ence the where the sands are floury and the clays run high 
fine-grained sand, alleviation sand-road conditions may easily 
made with this material. The writer, however, would hesitate 
present this desirable satisfactory criterion for sand-clay roads 
general. 

The simple field tests described Mr. James, mixing sand and 
clay, are applicable, course, only cases where artificial mixtures 
are made. These and similar tests have been considered the 
writer, but his experience has been that small spheres the same 
mixture gave widely variable results, due different percentages 
moisture held the material. heating the spheres sand bath 
100° cent. until they are constant weight, the results will more 
uniform. 

Mr. Blanchard’s suggestion that more detailed information rela- 
tive the traffic the various types roads discussed the paper 
Probably subject road literature more difficult adequate 
statistical treatment than that traffic census will show 
great fluctuations weekly well monthly averages, and census 
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taken before and after road improvement will usually show greatly 

traffic after such The improvement 
road often increases the that road without, apparently, affect- 
ing other roads adjoining it. 


TABLE 5.—TRAFFIC ANALYSIS SAND-CLAY ROADs. 


(Approximate.) 


AVERAGE NuMBER VEHICLES (BoTH Ways), 


Type vehicle. 


One-hors€ WAZOD......6.seeeeee cree 60 | 90 {100 | 75 | 60 | 60 | 60 | 70 |120 ( 
Four-horse wagon heavy ma- 
Two-passenger automobiles........ 10 | 10 | 15 | 20 | 20 | 80 | 80 | 20 | 80 | 80 | 20| 10 
Four-passenger automobiles....... 6} 10/10} 15 | 15] 10 | 15 | 15 | 6 
Six-passenger automobiles......... 2/ 2} 4] 6] 8} 8] 8] 6) 2 


Table presented order give idea the average traffic 
conditions prevailing the sand-clay roads Georgia. shows 
the daily average number vehicles going and from 
county seat shipping point, over single road, during each month. 
Traffic and from larger cities, more than 20000 population, 
not considered this table. some the sand-clay roads, the 
will average less than that given Table and about 20% 
the mileage the number vehicles each class may three times 
many. These figures are based traffic studies made many 
counties Georgia, and are substantially correct far 
possible prepare average figures from such data. The ratio motor- 
driven horse-drawn vehicles will undoubtedly steadily increase. 

The following memoranda concerning the actual carried 
may interest connection with Table 


One-horse vehicle, average net load, 750 


Climatic conditions Georgia vary considerably, from the south- 
ern portion, not far above with very mild climate, the 
northern boundary, the Blue Ridge Mountains, elevation 
from 600 ft. above sea-level, with much more rugged climate. 
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Generally, the inferior natural sand-clays are found the southern 
part the State, where the climate very mild. rule, the 
best and most durable sand-clays are found chiefly the northern 
half the State. the latter section the winters are not severe, 
but the ground freezes and thaws all through the winter, that the 
tendency disintegrate the sand-clay surface possibly severe 
the aggregate the spring thaw the more severe climate the 
Northern States. 

The writer has examined sand-clay road surfaces during the winter, 
and has studied the effects the alternate freezing and thawing, for 
the purpose arriving some basis for determining their suitability 
for withstanding severe freezing and thawing. the better sand-clay 
roads the effect weeks freezing and thawing was 
thin layer slushy material, in. thick, below which the 
mixture was quite firm and impervious. number such in- 
stances, the writer has cleared off the slushy material and 
down through the surfacing which was almost always found 
very dense and hard and contain scarcely any more moisture 
than summer. Where mixtures the type classified “Hard” 
the writer (in Fig. were used, removing the surfacing 
the roadbed beneath the sand-clay was found dry 
would have been midsummer, protected the sand-clay 
surfacing. This seems prove that impermeable mixtures should 
used protect the sub-grade properly, severe climates. making 
examinations these road surfaces, areas several feet square were 
taken along the center line well the wheel tracks, that, 
far possible, freak conditions were eliminated. 

Another point which Mr. Blanchard raises well worthy 
further study, namely, the effect different percentages sand-clay 
mixtures retained the 10-mesh sieve, when such mixtures are used 
under various climatic and traffic conditions. The writer has not 
had opportunity study sufficient number such cases feel 
warranted stating any conclusions this time. safe say, how- 
ever, that, sand-clay mixture, the greater the proportion material 
coarser than that retained 10-mesh sieve, the greater its durability 
and the more suitable its use for service very cold climate, pro- 
vided, course, that the coarse material firm and hard and similar 
quartz other hard rock. 

The writer agrees with Mr. Blanchard that many highway engi- 
neers will disagree with him dividing gravel and sand the 
basis the material retained passing the 10-mesh sieve. The 
writer has used the 10-mesh sieve arbitrarily the dividing line be- 
tween sand and gravel. The following the gravel 


American Civil Engineers’ Pocket Book, 169. 
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och. 
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officially adopted the American Railway Engineering and Main- 


Way Association: 


“Gravel defined small worn fragments -rock occurring 
natural deposits, that will pass thru ring and retained upon 
No. 


the writer’s experience testing sand-clays, the 10-mesh sieve 
has been very satisfactory basis for separating the coarser material 
from the finer. the 4-mesh sieve had been used analyzing the 
coarser materials, probably not more than the samples examined 
would have left any gravel this sieve. Practically all the material 
the writer gravel was larger than 10-mesh size and 
smaller than 4-mesh size, with single exception Sample No. 
size, and one-half this was larger than 4-mesh size. 

Mr. Stewart mentions the application hot oil the roads 
the Parkway Systems Greater New York, which were built Hud- 
cementitious Similar treatment has been proposed for 
sand-clay roads certain counties Georgia, but has not been 
seal coat hot oil great the total cost the sand-clay sur- 
facing, and the only advantage that could claimed accrue from 
the additional expenditure would slight diminution the dust 
from automobile travel. The quantity dust raised sand-clay 
roads automobiles depends largely the character the construc- 
tion. Well-constructed roads good class this material yield 
from one-fifth one-tenth the dust that raised water-bound 
macadam road under the same traffic conditions. 

Mr. Owen’s experience with artificial mixtures sand and clay 
illustrates common difficulty making such mixtures. natural 
sand-clay mixtures are available locally, but are not suitable for use 
alone, because deficiency either the sand content, this 
defect may corrected the addition the proper. quantity 
sand clay. This method treatment will generally found 
to. more economical than attempt build artificial mixture 
using sand basis and adding the proper quantity clay and 
mixing. Occasionally, may possible combine two natural mix- 
tures which sand occurs one and excess 
clay the other. determine the proportions which such mate- 
rials should used, one may make analyses the materials and 
plot curves showing their composition. Usually inspection these 
curves will approximately the proportions which the mate- 
rials should used obtain the best results. Trial mixtures the 
two materials may studied plotting the analyses such mixtures, 
using criterion which judge their value, the analyses sand- 
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clays known Fig. has been used this manner the 

writer with excellent results. 

The advantage using natural sand-clay the basis for arti- 
mixtures lies fact that the two are somewhat 
and the incorporation the additional sand: 
clay required will much more easily effected than where none 
the mixing has been previously performed Nature. making 
artificial mixture, using sand basis and adding the requisite 
quantity clay, the latter forms clods and balls, 
incorporation the two ‘is accomplished only ‘by long-continued 
process puddling. 

The effect climatic conditions sand-clay roads has been sug- 
gested Mr. Blanchard and Mr. Owen. regard the effect 
the severe weather conditions the Northern States, the writer 
has definite information. following mileages sand-clay 
roads were reported* 1909 for the States named: 


Connecticut 
Delaware 
Georgia 
Idaho 


Michigan 

Minnesota 

Rhode Island 

South Dakota 

Washington 

Wisconsin 


Total, leaving out Georgia. 543 


From the foregoing, appears the writer that there consid- 
erable mileage roads this type use the Northern States, 
and that since 1909 there should have been developed among road 
builders the States named large amount valuable information 
regarding the use and possibilities sand-clay road construction. The 
total mileage such roads the United States reported for 1909 
was 24601, that more than one-third the entire mileage reported 
that was what may called the Northern States. 

The writer wishes tall attention the experiences several 
counties, that are interest because the great contrast they afford 
the economy sand-clay road construction compared with water- 


Bulletin No. Office Public Roads, 42. 


1 

1051 

129 

223 

1013 
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bound macadam. Therefore, the following examples are presented 
for consideration. 

Habersham County, Ga—A macadam road was-laid 1909, 
the writer has been correctly informed, expense about 
for length 2000 ft. This road was ft. wide, 
field-stone curbs. The macadam was about in. thick after rolling. 
traffic whenever the parallel side streets were not too muddy.. 1912 
new road was built natural sand-clay mixture, extending from 
the end the old macadam section mentioned, the railroad station 
Clarkesville. This was curbed with field stone, and cost $1200 per 
mile. smoother after year’s service than the macadam road 
ever was, and easily kept excellent repair account the large 
quantity good sand-clay close hand. 

Hall County, the period, 1905 1908, this county estab- 
lished quarries, installed machinery all sorts for road-making, and 
spent about $40000 building water-bound macadam roads. The 
rock used was local gneiss. The roads, for the most part, were 
surfaced in. thick and for width ft. The total length actually 
constructed was between and miles, nearly the writer can 
learn. The total road mileage this county about 900, which 
probably 200 miles would serve 50% the traffic. From this can 
readily seen how impossible would construct the most im- 
portant roads with macadam. The average annual income from 
for road improvement this county about $15 000. 

the fall 1911 almost all the macadam roads which had been 
were such bad condition that reconstruction seemed 
absolutely necessary. reconstruct these roads with macadam was 
sheer financial impossibility, the county was still debt for 
the original construction and equipment. Temporary repairs were made, 
which rendered the roads passable that winter. the fall 1912, 
the writer was consulted the county authorities what could 
done improve road conditions, and the adoption 
definite low-cost programme that was financially feasible. After 
examination the macadam and other roads, all which were 
wretched condition, especially the former, the writer recommended 
the adoption the sand-clay road wherever that material could used 
without excessive expense. After sampling number large areas 
natural topsoil sand-clay, the writer found that, with few excep- 
tions, excellent natural mixtures were readily available with short 
hauls; that almost all the important roads were favorably situated 
for reconstruction with these was also found that the 
deep holes the macadam roads could filled with the sand-clay, 
which bonded well with the macadam, and, comparatively small ex- 
pense, many these roads were thus repaired, The remainder was 


SAND-CLAY MIXTURES, ROAD SURFACING 1497 


plowed and loosened and 10-in. layer sand-clay was placed 
Koch. 

over and compacted the traffic. Since then the county has carried 

out consistent policy repairing old macadam with sand-clay until 

the macadam worn out, and making all new construction sand- 

clay. Under this new policy, miles new sand-clay roads have 

already been average cost about $425 per mile; 

the old macadam still giving some service, and the improved roads 

are passable all seasons the year. All the incident 

this new policy have been met current revenues. 

Clarke County, experience this county was somewhat 
similar that Hall County, except that sand-clay construction has 
been use here for nearly years. During the period, 1905-08, Clarke 
County spent about $50000 the construction miles 
water-bound macadam roads. This had been accomplished little 
more than years. Then became evident that the cost main- 
tenance was far more serious item than had been thought. was 
great that soon became clear that macadam was too expensive 
investment for the county’s revenues. 

1907, Mr. Holman, Superintendent County Roads, 
began experimenting with natural mixtures sand-clay, taken from 
the surface cultivated fields, road-surfacing material. This 
material often referred “topsoil”. The experiments were 
successful that topsoil was soon adopted the surfacing material 
for all roads, and 1913, practically all the important roads the 
county had been surfaced with it, for total length 100 miles. 
This large mileage was built with current revenues (approximately 
annually), without bond issue the assumption heavy 
burden taxation. This splendid work has been brought about largely 
who, County Engineer, has been identified with this road work 
for many years. 

The average annual cost per mile the macadam roads built 
this county, including bond interest, sinking fund, and maintenance, 
was found about $1200 (neglecting the fact that after from 
years service they were covered with topsoil prevent com- 
plete raveling and destruction). 

The cost sand-clay roads this county has averaged about 
$500 per mile, that the annual cost mile macadam (neglecting 
depreciation entirely), was sufficient build 2.4 miles new sand-clay 
road. The cost maintenance sand-clay roads good quality 
very low, averaging per mile per annum this county. Poorer 
qualities sand-clay can kept excellent condition ex- 
pense from $10 $30 per mile per annum depending its quality 
and the character maintenance required. 


, 
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conclusion, should stated that the specific cases just de- 
are presented examples typical experiences 
many parts the South, and that these cases referred 
any spirit criticism, but for the purpose emphasizing the: fact 
that, many parts the United States which the but 
not the only, difficulty has been poverty, sand-clay offers the only 
feasible solution the road problem. There are many counties where 
for every three ten voters. especially for such sparsely settled 
districts that the improved low-cost. road necessity. Though the 
sand-clay road adapted the heavy traffic, much more densely 
settled communities than those indicated, also offers sparsely 
settled communities hope improved roads without excessive 
burden taxation. 


Koch, 
| 
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reinforced concrete construction, the lessening the 
cost forms has long been recognized. recent effort this direc- 
tion has resulted system construction which columns and 
stems beams and girders are cast the ground. These units, when 
hard, are hoisted-into place and set mortar grouted. The concrete 
skeleton framework thus erected supports the forms for the floor- 
which then cast place. The slab rests the beam and 
girder stems, and secured them the customary web reinforce- 
ment—stirrups and bent-up trussed tension rods. 

the ordinary beam and girder type floor, the slab, besides 
receiving the live load and distributing the beams, performs the 
important function acting compression flange for the beams and 
girders. the system just described, however, horizontal construc- 
tion joint exists between the slab flange and the stem below, due 
the several days between the casting the two, This 
forces the front the question whether this joint can transmit safely 
the horizontal shear necessary make the slab and stem act together 
beam, ordinary monolithic floor, 
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This paper tests which, among other things, seems 
show clearly that, under conditions readily met practice, the 
answer this question the affirmative. These results are 
strikingly variance ideas) held that full 
account the conditions the tests must included. 

These tests were undertaken under the following circumstances: 

December, 1911, Boston company had contracts for two 
buildings which was proposed use the unit construction. 
Worcester and Johnson, Members, Am. Soc. E., were retained 
Consulting Engineers the general design the unit construc- 
tion work. their instance, series tests was undertaken the 
writers, the laboratory the School Engineering Harvard 
University, investigate the strength shear the horizontal joint 
between stem and floor-slab necessarily involved this type 
construction. 

work one the two buildings had without delay, 
was agreed, pending the completion the tests, introduce the 
precautionary measure increasing the shear resistance the con- 
struction joints corrugating the tops the stems manner 
similar that shown Fig. (Types and and Fig. Thus 
work was begun. The tests soon made clear, however, that the 
corrugations unnecessary, and they were omitted subsequent 
construction. 

Objects specific objects the tests were three: 


determine whether the type construction going into 
the building, involving the corrugated joint between the stem 
and the slab, was safe; 

2.—To determine whether would safe dispense with the 
corrugations and use instead smooth, that is, ordinary, 
untreated joint; and 

discover, possible, how high shearing stress such 
smooth joint can resist. 


Types Test the tests, three types beams, 
and were made. 

Type beams were designed the Boston company primarily 
for the first and second objects stated. Accordingly, their design was 
similar that the beams going into the buildings, 


te 


THE CUTTING OR REMOVAL OF THE 


STIRRUPS OCCURRED IN DISENGAGING THE 


Fie. 1.—REINFORCEMENT OF THREE TYPE B BEAMS AFTER 
THE TEST. 


STEEL FROM THE CONCRETE. 


STEM BEAM No. 16, SHOWING QUALITY SURFACE 
or a “SMOOTH” JOINT 


: 


SHEAR TESTS JOINTS T-BEAM STEMS 1503 


Type beams, designed the authors, were intended primarily 
for the third object, and all the stresses were kept low comparison 
with the shearing stress the stem, order that the shear the joint 
might reach high value before the beam failed from any other cause. 


«9 toggle for hoisting 


TYPE A BEAMS 
smooth joints. Nos. 1-4, 
4-Beams corrugated joints. Nos. 5-8. 
4-Beams monolithic Nos, 9-12. 


CORRUGATED JOINT. 


36 tw. Stirrupe 
40.0, 


TYPE BEAMS 
4-Beams with smooth joints. 13-16. 
4-Beams with corrugated joints. Nos. 17-20, 
4-Beams monolithic Nos. 21-24. 
DETAIL 
CORRUGATED JOINT. 


Rok 


x 9 Stirrups 
0.0, 


TYPE C BEAMS 
2-Beams with smooth joints. Nos. 25-26; 
2Beams monolithic Nos. 27-28. 


Fie, 3. 


Type beams, made and tested the request the patentees 
this system unit construction, were four number (Nos. 
28). They differed from the Type beams putting the larger 


a4 
x 
rods 


1504 SHEAR TESTS JOINTS T-BEAM STEMS 


rods the main reinforcement the upper the two layers and 
turning them for diagonal web reinforcement, instead having 
the smaller rods this position. They differed further having 
smaller rods for the stirrups, other words, the significant dif- 
ference between Types and the web reinforcement, Type 
having more steel the diagonal bars and less the stirrups than 
Type 

Twelve beams Type numbered 12, and twelve Type 
numbered 24, were made—four each type with smooth joints, 
four with corrugated joints, and four cast without joints, that is, 
the usual type. Type two beams were made with 
smooth joints, and two were cast monolithic. 

The designs the three types, with the essential dimensions, are 
fully shown Fig. positions the loads and supports are 
also shown. 

coarse aggregate consisted broken slate only 
fair quality, dusty and somewhat scaly. size was in. and less. 

The sand was good quality, and very similar appearance the 
Plum Island sand common use about Boston. 

Lehigh Portland cement was used. test the cement showed 
meet the specifications the American Society for Testing 
Materials, 

The main steel reinforcement was square twisted rods, said 
cold-twisted. Measurements the deformation the steel during 
the test the beams indicated elastic limit the neighborhood 
from 45000 50000 lb. per sq. in. The steel for each beam was 
assembled and wired together frame before being placed the 
forms. 

The forms were 2-in. plank designed easily stripped 
and re-assembled. Four beams stems were cast time. The 
forms were oiled each time before the steel frame was placed. 

Construction Test Beams.—The concrete was mixed hand 
small batches, the materials being measured carefully. The mixture 


was what commonly known 1:2:4 volume, that is, cu. ft. 
sand and cu. ft. stone bag cement. Enough water was 
used make the mass wet all through, easy handle and spade 
the forms, but not sloppy. 

order get the main reinforcing rods into the narrow 


Fic. 5.—SHOWING CRUSHING OF FYANGE BETWEEN THE LOADS, AND OPEN 
TENSION CRACKS. 


y Fic. 4.—Top or STEM oF BEAM No, 17, SHOWING A “CORRUGATED” JOINT. 
n. 


2 
| \ 
4 
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stem, they had placed close one another (Fig. 
that the stone could not tamped spaded down between them. 
mortar, mixed 1:2, was accordingly bottom 
the stem, the top the main rods. The concrete was placed 
top the mortar and puddled with trowels and small rods, order 
eliminate voids and secure thorough bond with the steel. 

The top the stem was leveled off the case the “smooth 
joint” beams, but not troweled. The quality the surface shown 
clearly Fig. 

make the corrugations shown the design and Fig. 
beveled blocks wood were pressed down into the forms, flush 
with the top the stem, and the concrete between the blocks was 
leveled off. 

The surfaces the joints were not subsequently brushed, 
scraped, treated any way, except that they were thoroughly wet 
just before placing the concrete the slab. The stems the jointed 
beams Types and were set concrete, end-supporting blocks, 
pockets, and grouted before the slab was poured. The bottom 
the slab, when was poured, came direct with the tops 
these blocks. beams however, were set mortar 
the blocks, after the slab was hard. The 

Table gives the dates which the several stems, slabs, and beams 
were cast. 


TABLE CASTING TEST BEAMS. 


(corrugated). 
+++|(smooth). 
(corrugated). 


| 


Age of stem, 9 days. 
ot 


9 
10 


Age stem, days. 


The forms were usually removed from hours. The 
beams were stored the basement where they were made, and 
special provision was made for keeping them wet. 


January 8, 1912.................../stems 1, 2, 
18, 9, 10, 
“28, 91, 23, 24, 
27, Beams 27, 28, 
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The workmanship was commercial grade, perhaps somewhat, 
though not significantly, better than secured most 
concrete work. The workmen were carpenters experienced concrete 
work, one them general foreman for reinforced concrete building 
construction. Although laboratory refinements were the 
manufacture the test beams, the workmen knew the for 
which they were being made, and, accordingly, were careful.. 
the other hand, they were pushed time schedule four beams 
day, which required the utmost speed which they were capable, 
and which the later stages was impossible attainment, due 
the slow hardening the concrete. this hurry are due slight 
imperfections workmanship which appeared later. These imperfec- 
tions were three kinds: 


steel was sometimes slightly misplaced; 
few the Type beams was observed that the slab 
exactly perpendicular the stem; and 


3.—A slight curvature the beam plan was noticed one 
two cases. 


Testing—The beams were tested two The 
were made February 22d and Eleven beams were tested 
time, which sufficed show that the type construction going 
into the building was safe, and that the joints did not need 
corrugated. The remaining beams were allow the concrete 
become stronger. These were tested during the week April 15th, 
except Beams 21, 26, and which were tested May 4th. 

The beams were tested the 200000-lb., Olsen testing machine 
Hall, Harvard University. The beam supports consisted 
rockers, which ensured vertical reaction the ends the beam 
all cases except that Beam the test this beam, 
the supports rocked back the flat portion the rocker, giving 
the reaction sufficient horizontal component toward the center the 
span cause the concrete supporting block spall off with vertical 
crack above the rocker. This may have contributed somewhat the 
high result with this beam, but the writers not believe that the 
error involved large, and the beam has accordingly been averaged 
with the rest without modification. 

Between the rocker and the concrete was interposed each case 
steel plate and cushion whitewood distribute the pressure. 


Fic. 6.—Type A, BEAM No. 6. 


Fic. 7.—Typre B, BEAM No. 18. 


8.—TyPre C, BEAM No, 27. 
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The load was transmitted from the movable head the testing 
machine pair 8-in. two steel rollers, each from 
the center the span, thence down through steel plate and white- 
wood cushion the top the beam. which 
shown beam No. 27, Fig. worked satisfactorily all cases. 

The rate application the load was from lb. per 
min. for beams Types and and from 500 per min. 
for Type beams, the increase rate being due the greater stiffness 
the shorter beams. For some beams the load was removed after 
reaching the maximum, and re-applied rate, for the second and 
subsequent applications, some four times fast for the first 
loading. 

Phenomena behavior the beams during the ap- 
plication the load was remarkably uniform. Vertical cracks the 
lower edge were sometimes evidence before any load was applied, 
but usually appeared near the center the span when the load 
was from 5000 10000 These were often spaced regular 
intervals from in., corresponding probably stirrup locations. 

The next characteristic event was the appearance short fine 
diagonal cracks mid-height the stem the region high shear 
outside the loads. They were first observed load from 
20000 Ib. extraordinary pains had been taken make such 
cracks readily visible, the actual break the concrete may have come 
earlier. 

the load increased, these short cracks extended both and 
down; and sometimes, but not always, joined the vertical cracks pre- 
viously observed. They became the same time more numerous and 
wider. 

this point, the behavior the three types beams was 
substantially the same. the load approached the maximum, how- 
ever, the phenomena varied. the Type beams, one two vertical 
cracks developed the center, widening and extending upward toward 
the fillets. Coincident with the load reaching the maximum, the top 
surface the beam began flake between the loads, and short 
horizontal appeared the side the slab, indicating 
the concrete. This shown the photograph the center 


Beam Fig. 
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Beams and failed prematurely spalling off the lower corner 
the stem within the concrete blocks, just outside the 
curved ends the lower main rods, shown Fig. 

the Type beams, the development the diagonal cracks was 
the most important feature, the load approached the maximum, 
until was noticed that the main rods were slipping. some cases 
the ends the rods were uncovered crack between the end 
the rod and the concrete was direct evidence the slipping. Slip- 
ping was also indicated the cracking and flaking the conerete 
the end the beam caused the wedging action the twisted rods, 
Both kinds evidence are presented Fig. 10. 

After the development numerous diagonal cracks, after the rods 
began slip, and after the maximum load was passed, the surface 
the stem frequently began flake off, indicating crushing 
diagonal direction. Fig. shows this phenomenon clearly. 

After the maximum load had been passed with few the. beams, 
the load was taken off and re-applied several times. The toughness 
concrete construction well illustrated the high 
loads these beams were able carry even when they had been badly 
shattered repeated loadings. 

Beams 15, 16, 17, and spalled off outside the curve the main 
rods the supporting blocks, but probable that slipping the 
rods occurred before the spalling, and was the direct cause it. 

some the Type beams, fine horizontal hair crack was 
observed the end the beam, level with the bottom the slab, 
when the loading was well advanced. This, however, appeared the 
monolithic well the jointed beams; seemed have connec- 
tion whatever with the failure the beam, and significance at- 
tached it. was doubtless one the local effects the heavy 
concentration the loads. 

the Type beams, the load approached the maximum, the 
diagonal cracks opened rapidly, and the surface the stem flaked 
off, followed closely crushing the concrete the top the 
flange mid-span. The flaking the stem-surface was particularly 
marked where the truss rods turned up, and shown Fig. 12. 

The numerical results the tests are set forth briefly Table 

explanation. Columns and give the ages the stem and slab, 
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Fic. 9.—PREMATURE FAILURE OF BEAM No. 9 AT THE END. NOTE DEVELOP- 
MENT OF TYPICAL DIAGONAL CRACKS. THE CHALK FIGURES ON THE 
BEAM INDICATE THE TOTAL LOADS, IN THOUSANDS OF POUNDS, 

WHEN THE CRACKS WERE FIRST OBSERVED. 


Fic. 10.—EvipeNce THAT THE Rops SLIPPED IN AT LEAST SOME OF THE TYPE 
NOTE THE OPENING ABOVE THE ENDS THE 
HOOKS OF THE REINFORCING Rops. 
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TABLE 2.—NUMERICAL RESULTS TESTS. 


CoMPUTED UNIT STRESSES AT 
Loap, 


Based measurements.* Apparent immediate 


cause of failure. 


Type 
Joint. 
Beam No 
Slab age, days. 
Maximum load. 


Stem age, in days. 


Concrete. 
Shear. 


tee 
Concrete. 
Shear. 


(12) 


A 
Corrugated. 


9] 41 41 50 000/58 2 800 | 561 (59 400) 2920| 575 |Broke in support. 
41 41 52 400/60 800) 2980 | 589 100) 2950; 592 |Comp. in flange. 


Smooth. 
a 


| | 


B 
Corrugated. 
7» 


Average......|60 600/49 200) 2 960 200) 00 826 


Taking into account the actual placing the steel. 
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TABLE 2.—(Continued.) 


STRESSES 
Maxum Loap. 


Taking into account the actual placing the steel. 


respectively, when the beam was tested. The difference between the 
two any one line, gives the age the stem when the slab was cast. 
Column gives the total load carried the beam, exclusive its 
own weight. 


The unit stresses shown Columns are computed from 
the maximum load, given, the assumptions ordinarily used 
the design reinforced concrete These include the assump- 
tion straight line planar distribution stress the conerete, 
and value for the ratio modulus elasticity steel 
that concrete. Columns and are based beam cross- 
section accordance with the design. was observed, however, 
that the position the main rods varied somewhat from that in- 
tended. The actual position these rods was carefully ascertained, 
and the stresses the actual cross-section thus determined are given 
Columns 10, 11, and 12. 

The columns headed record the unit tension the main 
rods. Those headed “Concrete” give the maximum unit compression 
the concrete the top the slab. The columns headed “Shear” give 
the unit horizontal and vertical shear the stem. This also the 
intensity the shear the joint between the stem and the slab 


Fic. 11.—DIAGONAL CRUSHING OF STEM UNDER LOADING CONTINUED AFTER 
MAXIMUM LoaD HAs BEEN PASSED. 
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(in those beams which have joint), the strength which the 
purpose these tests investigate, and the intensity the diagonal 
tension the web, ordinarily computed. 

From the unit shear may obtained, desired, the unit 
adhesion the two straight rods multiplying the shear for Type 
will observed that both the adhesion and the shear ran high, the 
former 559 per sq. in., the latter 888 per sq. in. 

Cause A.—The last column the table gives what 
appeared the immediate cause failure. often difficult 
determine with certainty the one feature the design beam 
which would most need strengthening order increase the strength 
the beam. Though most the failures Type beams are ascribed 
crushing the concrete, for the reason that the crushing was the 
immediate visible forerunner the maximum load attainable the 
testing machine, yet seems certain that all cases the limit 
the steel was overstepped, leading rising neutral axis, 
diminishing compression area, and consequent premature 
what extent the stretch the steel was for failure 
not told, but probably was the prime cause all cases. not 
essential this investigation know. 

Two the Type beams failed the supports, noted, 
spalling off the lower corner the stem below and outside the 
curve the lower rods. 

Cause B.—The primary cause failure the 
Type beams was probably slipping the main tension rods, although 
this was not observed all cases before the maximum load was at- 
tained. The further destruction the stem and slab cracking and 
crushing under continued application the load cannot regarded 
the cause failure. There every probability that, the same 
quantity steel had been secured with larger number smaller rods, 
the strength all the Type beams would have been materially 
increased, 

Cause C.—In Beam was not observed 
whether the maximum load was passed before the crushing the flange 
began. The failure appeared due this crushing, but the stem 
was also badly cracked and had begun diagonally, especially 
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lower turn the truss rods. Furthermore, the elastic limit 
the main: steel doubtless overstepped. 

the case the other Type C,.the maximum load 
reached before the flange began crush, but the 
crushing the stem was coincident with preceded the. maximum 
load. How far the failure bearing the turn 
the truss rods, and the consequent straightening and yielding the 
rods themselves, reduced the effectiveness the web reinforcement, 
and thus primary cause failure, cannot told. Neither 
can the effect passing the elastic limit the main rods 

Further evidence that the steel was the limiting factor the 
strength the beams lies the fact that there only slight 
difference strength between beams days old and those days 
old. the conerete were the primary cause failure, this difference 
should more marked. 

General shear slipping the joint was 
looked for all.the beams with great care, but was never observed. 
fact; the jointed beams, both smooth and corrugated, withstood the 
test well the There not the slightest evidence 
that the joint contributed any way the failure the beams, 
though the shearing stress the joint reached values greatly ex- 
cess four times the 120 lb. per sq. in. allowed the Joint Committee 
beams for shear. 

Three interesting load-deflection curves, made autographic 
device the testing machine, are presented Fig. 13. 

view the striking uniformity, both the 
general the beams during the test and the numerical 
results attained, these tests would seem justify the following 
conclusions 


1.—That the type construction used the buildings was safe; 

2.—That the joints did not need corrugated; and 

smooth unroughened joint, constructed the same 
manner the joints tested beam suitably reinforced for 
shear (or diagonal tension), capable transmitting with 
safety any shear that could safely permitted 
monolithic beam the same cross-section and having 
the same reinforcement. 
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One Important Bearing on. Engineering may rea- 
sonably inferred from the results these tests that the ordinary 
monolithic floor construction, where adequate web reinforcement 
provided with sufficient anchorage the top, the slab need not 
Beam No. 


Inches. 


Deflection, 


Inches, 


Two Typical Curves. Load-deflection Curve for 

Note the Greater the Type Beam Load Removed and 

Beam, No. 20, Reapplied Several Times. See 


13. 


cast before the stems have set, although the contrary has hitherto 
been generally assumed. Until further tests are made, however, care 
should taken see that the web reinforcement crossing the joint 
sufficiently anchored, both above and below, and the surface the 
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joint must and not too smooth. these are conditions 
not difficult obtain practice, there may now sight 
from worries caused the occasional necessity stopping work 
when the forms are filled only the bottom the slab. 

Allowable Shearing appears that the stem 
carrying ultimate shearing stress least 888 per sq. in., 
the highest reached with any the shear was 
clearly the cause failure, the really ultimate shearing strength 
was probably not attained. How much above 888 per sq. in. 
really cannot stated. The high values unit shear reached 
these tests, together with the fact that the lowest value for the unit 
shear any the beams when the first diagonal crack was observed 
was the neighborhood 185 per sq. in., indicate that the 120 
per sq. the Joint Committee’s recommendation low enough, 
provided the shear reinforcement adequate. should remem- 
bered, too, that the concrete these tests was not exceptional rich- 
ness, nor otherwise better than that ordinary building quality. 
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proof facts which are well known the experienced 
worker reinforced concrete, but are often questioned engineers 
and architects. They prove clearly that joints reinforced concrete 
construction can made strong monolithic piece work, 
provided they are amply reinforced. hoped that they will 
studied engineers and architects, and that study this kind will 
prevent such experience happened the writer some years ago 
Salt Lake City: was constructing some girders 52-ft. span, 
and the architect compelled the men finish the girders and slabs 
one operation, making them work hours stretch and thereby 
disorganizing the whole gang for week. 

These tests also demonstrate clearly the great influence stirrups 
the strength reinforced concrete T-beams. 

Beams Type having the same longitudinal reinforcement 
those Type but not many stirrups, show, the average, 17% 
less strength than the latter. the these stirrups, 
will interest apply the rules recommended the Joint 
Committee. The area both legs round stirrup 0.153 
sq. in., and that round stirrup 0.0553 The safe shear 
these beams will assumed one-eighth the total load 
given Table and amount for beams Type and 
5380 lb. for beams Type The Joint Committee recommends 
the use only two-thirds these values the formula; they are, 
in., then the spacing the stirrups for Type equals 

From other tests, the writer has reason believe that beam 
with the same longitudinal reinforcement, but without stirrups, would 

Assuming that the excess shear taken the stirrups, 

0.0553 
which better agreement, and shows that the stirrups 
Type are more highly stressed than those Type although 
these stresses are probably fictitious. 


230 lb. per sq. in., and beams Type 
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According the authors, the reinforeing bars were probably cold 
twisted. the writer’s opinion, however, they certainly were cold 
twisted, and are equivalent high-carbon steel bars. 

Aceording the Chicago building ordinance, stress 000 
allowed for this grade steel. very important note that 
Type beams failed stress 58750 showing factor 
safety only 3.25, and Type beams 51650 showing factor 
safety only 2.87, bending. the other hand, tests made 
Professor Schiile, Ziirich, Switzerland, and others, prove that 
beams with low end shear, and reinforced with steel of. this 
grade, have failed stress the steel about 000 lb. per in., 
and some tests with higher grade steel, show stress high 
140 000 Ib. per sq. in. This poor showing the longitudinal rein- 
forcement, the case beams with high end shear, confirmed 
great number practically identical tests monolithic beams made 
Professor Bach, Stuttgart, 1911. order gain high 
resistance shear, therefore, have sacrifice high resistance 
bending. 

also very important note that the weight the stirrups 
beams Type with stem width only in. and total 
height only in., 2.2 per lin. ft. beam, 33%. the 
weight the longitudinal reinforcement. tests had been made 
beams with stem width in. (such beams often occurring 
practice), the weight the would have amounted 
per lin. ft. 

Stirrups cost very much more per pound place than longitudinal 
reinforcement, very often from 100% more, and clear that 
cheaper increase the width the stem than provide such 
excess stirrups. 

The writer cannot agree with the authors’ that allow- 
able stress 125 lb. shear low enough. the contrary, con- 
siders limit which should only adopted very rarely, and then 
only experts, leads and dangerous designs. 
This high resistance end shear could not have been obtained the 
anchorages bent bars had not been unusually well 
designed, which rarely done practice. hooks, 
in. long, would never have given these high results. 

also evident that the substitution plain, round, high-carbon 
bars for the twisted bars, would have somewhat delayed the splitting 
the beams the ends. 

The tests beams Type are certainly surprising. must 
kept mind, however, that the stress the longitudinal reinforce- 
ment very low, that the weight the stirrups 66% that 
the longitudinal reinforcement, and that their cost certainly greater 
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than that corresponding increase width the web. Professor 
Bach also made great number tests beams similar Type 
but obtained shearing stresses only 550 lb. sq. in. 

the tests made Professor Bach, and more 
described this paper, especially for beams Type the span 
unusually small. that the results for resistance 
shearing and bond the the steel: rods are more favorable 
beams small span, and the high shear 880 lb. could never have 
been obtained test beam ft. long. 


Mr. 
Mensch. 


connection, refer the action bolts experimental timber 


joints, which are much the same shearing action the 
stirrup rods question. the plain fished joints, without 
keys notches the timber, failure always gradual, because the 
bolts crush into the wood, the bolts assuming reverse curve and finally 
parting, tension when the slip becomes great enough bring the 

The same action occurs wooden treenail pin plank lattice 
bridges. These generally oak, and the plank spruce 
pine. When slip occurs, the grain the pin somewhat crushed and 
offset occurs which somewhat like reverse curve, but never 
true shear, 

The shearing strength and bearing value are nearly 
equal that doubtful whether, the authors’ experiments, the 
stirrup rods added anything all the shearing strength the 
joint between the stem and the slab, view the fact that initial 
slip 

Roughness the joints undoubted benefit, because the con- 
tact area between old and new thereby greatly 
The bonding material must possess much shearing strength the 
mortar, more, therefore steel good material for this purpose, but 
its great excess strength wasted help increasing the shear- 
ing value the joint. 


Gurman, Am. Soc. E.—The speaker would like know 
whether would have had any bearing the test the flanges had 
been made wider? the average computation for floor-beams 
girders, there much flange taken the contingent floor- 
slab than shown. course, from abstract reasoning, that would 
not change the values for the but those things act very queerly 
sometimes, and the speaker whether the test might not have 
shown great variation there had been least foot each side, 
because the building codes various cities allow least that much. 

practice, the floor-slab has negative bending moment the 
point support, namely, the beam. That say, the flange the 
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T-beam would tend bend downward the test beam were actually 
loaded the building. This force would tend lift the center 
portion the flanges away from the stem. 

Inasmuch there greater number shear bars present than 
the would contain practice (which extra bars would take care 
the effect the negative bending moment the slab), really 


fair compare separately poured flange and flange and 
stem poured one 


Assoc. Am. Soc. fact that the depth 
the beams tested, proportion the span, much than that 
which ordinarily met practice, and the fact that the reinforcing 
rods were either hooked bent the ends, leads the speaker 
suspect load was carried arch action rather than flexure, 
and, therefore, that the shear along the plane under discussion would 
less than the authors estimate be. Also, has been sug- 
gested, the presence the stirrups hooked into the T-flange develops 
“punching” shear, and hence higher value may expected. 

The speaker constrained take the position critic because 
feels that would serious matter the idea got abroad among 
practical men that the beam and slab not need poured one 
operation. sufficiently difficult now for the engineer have 
his construction joints placed where wishes them. 


Jun. Am. Soo. E.—The authors claim 
have made comparative test between smooth and corrugated joints 
beams having the flange poured some days later than the web. 
However, such comparison not made, for none the speci- 
mens tested did the joint fail. All that proved that when 
cient stirrups are placed across the joint will not rupture under 
the breaking load the beam. 

When beams this character are used construction work, there 
are number conditions which not exist laboratory practice. 
hoisting .the beams into position they are jarred and pretty well 
shaken, thus tending break the bond between steel and concrete. 
After the beam place and the slab poured, forms are dropped 
it, vibrations the building shake and 
stresses warp it, all which tend destroy the bond between the 
web and the flange. One year after placement, beam likely 


have very imperfect bond between the web and the flange. Any 
decrease the grip the stirrups the concrete will decrease the 


frictional resistance along this plane. 
answer the three objects the tests, stated the paper, 
may said: 


1.—That this type construction safe for buildings only when 
sufficient stirrups are placed across the joint. 


tests warrant any omission corrugations, ex- 
cept when using the same stirrups the 
About three times the quantity stirrups recommended 
Joint Committee were used these tests. 

3.—The authors have not discovered how high shearing stress 
the smooth joint. will resist, for the joint did not fail. 


Beam No. has seven square stirrups and two square 
bars crossing the joint between the load and the support. The seven 
stirrups have area 1.9684 sq. in. This, resolved through 
angle 45°, order resist diagonal tension, 1.38 sq. in. Add- 
ing 0.5 sq. in. (area toggle bars) this gives 1.88 sq. in. 
steel resisting the tension imposed the main steel. This gives 
103 200 

1.88 
the yield point.* This certainly shows that the concrete has not been 
stressed. 

The total tension the beam derived multiplying the area 
the tension steel, 2.0 sq. in., the unit stress Table 600, 
which gives 103 200 lb. 

The authors would better they tested beam with stirrups 
the web (sufficient resist diagonal tension) and with only two 
three stirrups across the joint. The beam then probably 
fail along the construction joint, thus giving means comparison 
between the two styles joint, and also values for these joints. 

The authors state the introduction that they are endeavoring 
find economical construction. Stirrups cost money, and some 
can omitted there would saving. These tests not give any 
means whereby the stress the stirrups can measured; test worth 
while ought give the strength the joint, that would 
possible ascertain the number stirrups necessary reinforce it. 
The drawn the authors are misleading, and might cause 
disaster used incompetent designer. 

first reading the paper, one would think that, with the ordi- 
nary quantity stirrups, recommended the Joint Committee, 
construction joint permissible beam, for the authors not 
give their method calculating these stirrups. the majority 
the members have only time for first reading, thought that this 
paper might cause laxity pouring methods. 


Henry Rarr, Am. E.—The speaker has read this 
paper with interest, and feels that are entitled many 
thanks for publishing the description and results their experiments. 

The question construction joints concrete and reinforced 
construction has long been, is, and will continue be, 


Taylor and Thompson, 38, give 500 the yield point for high-carbon steel. 


unit stress 55000 per sq. in., which approximately 
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bone contention between the contractor and the engineer. All efforts 
solve this problem practical way should, and undoubtedly will, 
receive hearty endorsement the members this Society. 

describing the various types beams, the paper states that 
the Type beams were similar those going into the actual construc- 
tion. The speaker assumes that these test beams were similar to, but 
not identical with, those comprising the floor system the buildings. 

The paper also states that the sections these test beams, and the 
reinforcement therein, were designed with the idea developing high 
shearing stress the stems, and, order obtain this condition, 
the various sections and the reinforcement were more 
nary size and quantities. 

The question that naturally presents itself is, what extent should 
actual construction work governed the results these tests? 
The favorable results shown are very encouraging; however, the 
speaker would advise caution the matter, and allow 
method construction prevail until such time tests 
actual construction members prove the advisability permitting 
these construction joints actual practice. 

The test beams, and having the same cross-section and span 
permit direct comparison, and lead the conclusion that the 
stirrups assist the construction joint taking shear.. The test beams, 
and and being unequal spans, not permit this 
direct comparison, but, eliminating the consideration the different 
quantity stirrups therein, interesting comparison may made 
with reference span length; likewise, eliminating the consideration 
the unequal length spans, comparison may made with 
respect the quantity stirrups contained them.: 

Table has been derived averaging the various groups “re- 
sults tests” given Table and may prove interest. 


TABLE 


Zooof iC {Smooth,..... : 2665 | 201 600 400 504 0.99 0.25 100 


if 
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Assuming the stirrups taking horizontal shear mr. 
the amount the product their normal projection ‘the plane 
the construction joint the ultimate (unit) crushing strength 
the concrete (as determined the average the stresses given 
Table 3), have value horizontal shear for one stirrup 
(2741 0.1875) 514 value horizontal shear for one 
stirrup (2741 0.3125) 857 and for one 
stirrup value 1028 lb. There were stirrups 
each beam, hence the total value horizontal shear the 
stirrups per beam 18.504 the stirrups per beam the value 
852 and the stirrups per beam the value 008 

Table gives the results obtained deducting these assumed 
values the stirrups horizontal shear from the total shear the 
construction joints the various beams, subtracting from the gross 
area these joints the area their respective stirrups, and dividing 
the net shear concrete the net concrete area the construction 


Net concrete 


concrete 
square inch. 


| 
| 
| 
| 


Total shear 
at construc- 
tion joint. 
Total shear 
in stirrups. 
Total net 
shear in 
concrete. 
area, in 
square 
inches. 
Total stirrup 
area, in | 
square inches. | 
Shear in 


= 


2.76 
2.76 
2.76 
5.06 
5.06 
5.06 
0.99 
0.99 


2 
= 


TABLE 


Percentage 
Comparison Unit shear Unit shear Unit shear Unit shear of low 
of beams from from shear in 


from } 
high shear. 
| 


575 


575 Ib. 


ll, 
C- 
Ss. 
le 
e 
ee t 
TABLE 
No. |Type. Joint. 
2 
5 I A |Monolithic ............. 194 848 | 897.24 490 | 100 
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Table will undoubtedly prove interesting because the extraordi- 


results shown the column headed “Percentage shear 


terms high shear.” The speaker feels that, irrespective the 
various causes contributing these erratic results, they should re- 
ceive profound study the engineer who contemplates the use 
construction joints T-beams similar those under discussion. 


stirrups, there seem too many these beams, particularly 


those Type The usual method calculating assumes 120 
per sq. in., or, most, 150 per sq. in., the net section the 
allowable shear, and that one-third this carried the 
and the remainder the stirrups and bent-up bars. Where there are 
bent-up bars, this case, the speaker would the 
stirrups follows: Width beam multiplied unit shear carried 
500 
400 
11} practically three times that actually used. This spacing 
too wide for the beam question, and smaller steel should used. 

The result using much stirrup steel that the web and flange 
the are thoroughly tied together that there chance 
for shear crack form between them. the stirrups act tension, 
assumed, and they undoubtedly after the web the beam 
has begun crack, there direct pull each stirrup the flange 
the beam, which amounts quite eonsiderable This pull 
brings into play frictional resistance between the two parts the 
beam, which acts addition any adhesion the concrete surfaces. 
Aside from this factor, there can doubt that the stirrups prevent 
any such lifting the flange would necessary order that 
might slip over the rough surface the top the web. 

short, the authors have attempted find how high shearing 
stress smooth joint between the web and flange concrete beam 
would carry, but have only discovered that, using quantity 
stirrup steel greatly excess what would used practical design, 
possible tie the two parts the beam together thoroughly 


000 per sq. in. 500 the stirrup spacing would then 


that they are able obtain very high unit shear. The tests not 


Mr. 
Wiggin. 


show how high shear such joint would stand beam designed 
meet practical conditions. 


Tuomas Am. Soc. E.—The speaker not 
accord with those who have suggested the absence shear the 
joints tested; believes must conceded that there shear 
these joints, and that the vertical shear rods themselves cannot 
take it. The rods are not placed the right position take the 
horizontal shear, being right angles that stress; and the bearing 
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area which they have the concrete above and below would incon- 
siderable compared with the shear resisted. The shear must 
carried the strength which has been. developed the construc- 
tion joint, explained excellent adhesion some other phenomena, 
which the discussions thus far have not 

With respect adhesion bearing integrity the 
concrete across the joints, that, of. question methods 
construction. Strong adhesion can easily obtained experi- 
mental way, which might not carried with such uniform 
larger scale; for example, the dirt the surface all 
removed, and with certainty, though understood that was not 
done this case. Dirt can prevented from getting the 
crete and higher degree workmanship can secured than would 

has often been shown experiments that beams plain con- 
crete can made two operations, using rich mortar the joint, 
and that these will break elsewhere than the joint; yet, con- 
struction, any cracking occurs concrete, usually the 
joints and not elsewhere. The speaker has noticed this repeatedly 
various shrinkage phenomena, and testing concrete pipes water 
pressure. 

One may that the methods used were fairly representative 
commercial work, and still find explanation for the strength 
developed. tests what sometimes called “true” shear, 
very seldom that the breaking stress less than 700 800 lb. 
frequently runs 1000 1100 and results greater than 
2000 have been obtained punching shear plates with edges 
bound reinforcement.* Now, what there that distinguishes 
punching shear from ordinary shear developed beams resting 
The nearness the load the point support and the 
binding force supplied the grips—-and particularly the steel 
the tests, above mentioned, punching shear concrete plates with 
edges both contribute the high results; and 
not difficult conceive that the stirrup steel produced similar 
effect the tests under discussion. The action conceived not 
that suggested one speaker—that the tension the stirrup steel 
friction between the two conerete surfaces assumed 
plane—for tension would cause the stirrups stretch slightly, thus 
taking the concrete out and precluding friction the 
ordinary kind, such exist between plane surfaces held to- 
gether. surface under the microscope smooth (and particu- 
larly concrete surface), entirely conceivable that, although the 
stirrup rods may stretch slight extent, they would still hold the 
teeth the surfaces, speak, mesh, and thus cause action 
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similar punching shear, though not effective account the 
general absence the coarse aggregate across the plane 
shear. minute distortion would have take before such 
action could but would very minute with the quantity 
stirrup steel used the beams 

The speaker offers this purely off-hand and unstudied specu- 
lation, although perfectly certain that, with good workmanship, 
joint would frequently made that would just strong the 
original concrete. the explanation suggested has any weight, 
true, course, that large number stirrups would more 
effective than small number, that there may something the 
criticism the discussion that the relatively large quantity stirrup 
steel does have effect the results. The speaker thinks more 
investigation would wise before applying the method described 


the authors ordinary designs reinforced concrete over large 
floor areas. 


Mr. Assoc. Am. Soc. (by letter).—In order 

appreciate fully the importance the tests under discussion, 
seems necessary take into account the earlier history the prin- 
ciples involved. commercial proposition, the unit system re- 
ferred the authors, was first used three-story building 
erected for the American Piano Company, East Rochester, 
1905, which was designed and constructed the Ransome and 
Smith Company. This system, known the “Ransome Unit System,” 
has since been used number one- and two-story buildings, and 
during the last three four years, also buildings from four six 
stories high, notably those the United Shoe Machinery Company, 
Beverly, Mass. 

view the fact that all these buildings were designed along 
usual lines (except for the feature the joint between slab and stem 
and other features connected with unit construction), and that they 
had been submitted the test actual service for several years, 
without developing any signs weakness, there was really not room 
for much doubt the outcome the tests described the authors, 
that is, was pretty well known that the joint would not prove detri- 
mental. was hoped, however, that the tests would show conclusively 
the limit which the joint between slab and stem would separate, 
that definite data might available for future design the stem and 
stirrups. While the test schedule under preparation, the writer, then 
Chief Engineer the Ransome Engineering Company, realized that 
Types and were equipped with excess stirrup reinforcement, 
and therefore suggested Type with much lighter stirrups. 
compensate for the resulting lower general strength the beams, the 
arrangement the tension rods was reversed, that the heavier rods 

were placed top, and trussed, shown the diagrams. 


Mr. 
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addition the experience gathered the Ransome organiza- 
tion regard the effect joints between slab was 
known that the Hennebique engineers had used such joints, mono- 
lithie both Europe and this The writer 
unable state what the prevailing practice Europe the 
present time, but, this country, such joints are specifically prohibited 
the building codes most large cities. Why this should be, hard 
tell, theré seem test data other experience showing the 
joint dangerous any way, except, course, when the stirrups 
are inadequate, which case the construction T-beam sections 
would dangerous without, well with, the joint. The writer has 
had discuss this question with number engineers and 
contractors, and opinions seemed fairly evenly balanced for and 
against the use the joint. 

Theoretically, has been found possible determine 
tion the proper number stirrups for beams having joint between 
slab and stem; and also possible determine the maximum per- 
missible spacing the stirrups. These questions are dependent, for 
their solution, the view taken the action the stirrups. The 
writer that the stirrups are stressed tension, and not 
shear, and that there shear properly designed, reinforced 
concrete beam after the stage initial loading has been passed (when 
the steel stressed above, say, 5000 Ib. per sq. in.), not even the 
concrete; the views and arguments leading this belief have been 
published elsewhere.* The tests under discussion seem substantiate 
these views. (See, for Fig. 11.) flaking the 
surface the beam plainly discernible; the concrete the 
stem has lost its cohesion .to such extent that large pieces can 
picked out with the fingers. other words, the beam nothing but 
pile loose pieces, held place the horizontal and vertical rods, 
and the dove-tailing the individual pieces. impossible 
understand how concrete this stage can transmit “shear stresses,” 
which, known, involve tension stresses, and yet, these beams 
considerable additional load before they broke down entirely. 

Under these circumstances, seems futile discuss the calculated 
intensity the shear stresses. the writer seems that the steel, 
whether stirrups main tension carries the tension which un- 
doubtedly both horizontal and vertical directions, and the 
loose filling destroyed concrete carries the corresponding compressive 
stresses. When the destruction the reaches the end the 
beam, the anchorage the tension rods finally destroyed, and the 
beam naturally fails. The writer mentions this with confidence, 
was most these tests. takes pleasure acknowledging 
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the unusual care exercised the beams, measuring deflections, 
the loads, short, everything pertaining the testing, 
any criticism could offered, would extend only the neglect 
moistening the beams from day day, during the 
regard the first point, the writer sees therein the cause 
served fact that the beams days old, and those old, had 
practically the same strength, for seems well established that 
will not increase much strength after certain period, 
unless moist condition. regard the second point, 
compression specimens would have been useful for comparison with 
other series tests, and, therefore, would. have enhanced the value 
the tests whole. For the particular purpose the tests under 
consideration, these objections are, course, importance. 

The writer agrees with the authors’ statement, namely, that “where 
adequate web reinforcement provided with sufficient anchorage 
the top, the slab need not cast before the stems have set.” That 
this true for beams like those tested, beyond doubt. That 
would also true for beams constructed along different lines, may 
inferred from the fact that both the flange and the reinforcement along 
the bottom the beams, were purposely made unusually heavy, 
that the stresses along the joint must necessity have been abnor- 
mally whatever view take the action the 
stirrups. Gutman raises the point the effect wider 
and thinner flange. would probably difficult examine this 
point where the width the de- 
termined the construction the testing machine. However, the 
anchorage the stirrups the slab factor the greatest im- 
portance, and this detail much more difficult thin slab than 
one generous dimensions, Otherwise, the writer does not see that 
the width the flange enters into the problem. 

order exhaust completely the possibilities construction, 
many more tests will have made, and account the very 
real importance the question, both monolithic and unit methods 
construction, hoped that this will done. itself 
considerable task make and test large-sized beams,.as was done 
the authors, and the beams tested were naturally constructed 
conform, closely the problems encountered the 
two buildings then under construction Boston, and since com- 
pleted. far the writer knows, structural defects 
developed these two buildings, nor has the joint between slab and 
stem caused trouble any buildings erected before these 
tests were made. hoped that the building authorities every- 
where will recognize the importance the information gathered the 
authors, and revise their laws accordingly. 
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Assoc. Am. Soc. (by discussion has 
few points which were not anticipated the paper which seem Nichols. 
need more elaborate treatment than was given there, but, the light 
what, has been said, the following believed place. 

First, the writers wish repeat that the tests described were 
undertaken solely. for the. purpose investigating the construction 
joint between the slab and the stem concrete T-beams, when these 
two are cast different times. This general purpose divided 
itself naturally into three specific: questions, which are stated early 
the paper. The joints were expected fail, they failed all, 
shear; and order give them severe test possible, was 
deemed necessary subject them relatively high shearing stress. 
this end the spans were made short and the stems comparatively 
deep and narrow. prevent premature failure diagonal tension 
the stem, stirrups were liberally provided. 

The question economy the construction these beams was 
importance, and has place the discussion the tests. From 
the point view good design for actual building construction, there 
were features the test beams much worse than lack 
the quantity web steel. Elimination these features, however, 
would have destroyed the value the beams for the tests hand, and, 
under the would have served useful purpose. 

The foregoing apply. beams all three types: 
ferring now Type beams, for the reason that these were designed 
primarily develop the highest possible shearing stress, and, having 
inclined steel, are simpler analyze, their design will explained 
some detail. According the ordinary assumption: straight- 
line distribution compression and absence horizontal tension 
the concrete, the beams were designed that, under load 700 
the following unit would developed: 


Tension main steel 

Compression flange 

Adhesion 

Shear 


The stirrups were designed carry the whole shear, follows: 
Cross-section two sq. in. 


700 


The distance from the center the steel the center compres- 
sion computed 9.2 in. 
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With spacing, the stress computed the usual method 

0.281 9.2 

This method determining stirrup spacing undoubtedly for 
more steel than the methods used many engineers, more than 
recommended the Joint Committee, and perhaps more than re- 
quired good practice concrete structures; but these 
beams, previously stated, were designed for special test which 
required thorough precautions against failure diagonal tension. The 
method used was therefore plainly justified. 

The question that next arises what extent, any, the stirrups 
aided the joint its shear load, or, other words, relieved 
the shearing stress the 

Mr. Snow has already pointed out the analogous two pieces 
timber fastened together shear, and the impossibility 
causing large shearing stress the bolts without considerable yield- 
ing and slipping the timbers. closer analogy with the 
beams, suppose two boards lapped their ends, glued together, fas- 
tened together bolts through the glued surface, and subjected ‘to 
tension that the glued joint stressed shear. obvious that 
the bolts, however tightly they fit, cannot stressed until 
the glue has The glue shear much more rigid connection 
than the bolts combined shear and bearing and, consequently, takes 
the brunt the pull tending slide the boards. the tests these 
beams, sign whatever slipping the joint was observed, although, 
course, was this particular phenomenon that was watched for 
with the greatest care. Accordingly, the reasoning, the con- 
crete joint, long remained intact, being far more rigid than 
the steel stirrups combined shear and bearing, consequently with- 
stood the bulk the shear which was subjected. The writers 
venture the opinion that the shearing stress the steel the joint 
was not substantially greater than that the adjacent concrete. 

Suppose, however, for argument’s sake, that the shear the stir- 
rups actually did rise the greatest value that could borne without 
either crushing the conerete against the side the stirrup each 
side the joint, bending the stirrup. 
estimate roughly the amount this shear, follows: Assume 
that the portion stirrup above the joint subject the 
shear, the joint, and horizontal pressures, indicated Fig. 14. 
Call the flexure the stirrup distance (where the horizontal 
pressure vanishes) from the joint. 

The resultant the pressure the concrete against the stirrup 
assumed equal From this follows (if ignore the 
adhesion the stirrup the space, that the maximum 


240 Ib. per sq. in. 
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flexure the the point contraflexure the stirrup comes Messrs. 


the joint, have: 
Nichols, 


whence 


the maximum pressure against the side the stirrup 
3000 per sq. in., may write: 


9 


Substituting the value from above: 

S?— 500 0.375 


Fie. 14. 


The flexure square bar for maximum fiber stress 
lb. per sq. in. cannot exceed 422 Substituting this value 
the above equation, find: 


000 


For each bar stirrup there are sq. in. concrete the joint. 
the relative rigidities the concrete the steel were such 
cause shear 842 each stirrup bar the joint, the relief 
afforded concrete would only about 105 per sq. in.; but, 
even twice this amount (making excessive allowance offset having 
ignored the adhesion forces the stirrup), 210 per sq. in., were 
subtracted the average shear, computed and given Table 
for the smooth joint, Type beams, 713 lb. per sq. in. (which, 
remembered, was not the ultimate strength, but only the stress 
failure from other causes), that would leave 503 per sq. in. for 
what the joint itself actually carried without sign failure from this 
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cause, and the general conclusion drawn from the tests would stand 
confirmed stated: 


“That smooth unroughened joint, constructed the same 
manner the joints tested beam suitably reinforced for shear 
(or diagonal tension), capable transmitting with ample factor 
safety any shear that could safely permitted 
beam the same cross-section and having the same reinforcement.” 


Although probably true that the quantity steel the stir- 
rups affects some degree the strength the joint, aside from any 
doweling action, that they serve direct tension hold the sur- 
faces the joint close contact, the writers are the opinion that 
large variation the quantity steel would affect the strength 
the joint but slightly. matters little this respect whether 
the beam contains, for instance, twelve stirrups stressed 
per sq. in., six stirrups stressed lb. per sq. in. un- 
questionably desirable, however, that some steel should provided 
crossing the joint, either the shape stirrups otherwise. 

Reference should made, closing, two tests the shearing 
strength joints between concrete different ages, conducted 
about the same time the beam tests reported the paper, and re- 
garded supplementary those tests.* 

Briefly, for one these tests, concrete plugs, slightly tapered, cast 
concrete rings when the latter were week old, were later pushed 
out, big end first. The ultimate shear the joint averaged, for three 
specimens, 665 per sq. in. 

For the other test, 10-in. compression prism was cast 
with oblique construction joint. concrete below the joint was 
days old when the concrete above was cast against it. The com- 
pression load was applied the ends two such specimens, and they 
failed shear the joint. The average ultimate shearing stress 
the joint planes was 558 per sq. in. neither these tests did 
any steel cross the joints. 

Although the supplementary tests were hardly numerous enough 
themselves warrant any sweeping conclusions, they corroborated the 
evidence secured the beam tests. 

All the tests taken together point clearly the conclusion that 
constructed joint the kind tested, when not tension, 
when steel rods reasonable quantity, sufficiently anchored, cross 

*The details and results these tests are recorded the Harvard Engineerin 


Journal, April, 1913 (Vol. XII, No. 1), and summary given Engineering Record, 
May 1913. 
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RESERVOIRS FOR MUNICIPAL WATER SUPPLY.* 


Cory, anp ALLEN Hazen. 


There undoubtedly definite relation between the storage pro- 
vided impounding reservoir any stream and the quantity 
water which can supplied continuously it. The relation, how- 
ever, complex one, and our knowledge its character limited. 
The following study made see how far may possible 
separate this complex relation into parts, some them being 
such nature that they may studied separately with definite 
results, and afterward treat all the remaining variations the 
basis probabilities, using all data from number different 
streams; and study them comparison with the normal law 
error. 

Among the elements that can studied separately are the fol- 
lowing: 

The size the catchment area. 

The mean annual run-off per square mile. 

The portion water area and the loss evaporation from it. 
This relation complex one, and data for determining are less 
adequate than could desired. some approximations 
can reached. 


Presented the meeting December 1913. 
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The natural storage lakes, deposits sand and gravel 
and other materials. Only approximate. results for natural 
storage can reached, but these are found have great influ- 


ence the required storage, especially relatively low rates draft, 
they must 


Regularity flow. Some streams have comparatively reg- 


ular flows; others the variation much This difference 
regularity flow can taken into account finding coefficient 
determined from the record each stream, and bringing this into 
the statement such way that variations from the normal are 
stated terms the “standard variation”. this way, records 
streams having more regular flows and those having less regular 
flows may compared with reference other matters. 

For the present, all remaining elements variations flow 
every will thrown into one group and studied con- 
nection with the normal law error. 

general, may said that, more information secured 
any part the whole problem, tends reduce unexplained 
variations, and permit more accurate analysis other parts. The 
whole study, therefore, becomes one successive approximations. 
The results herein contained are taken only one step the 
development. expected that further study will show rea- 
sons for deviations, the causes which are not now apparent, and 
will ultimately lead more certain and accurate knowledge the 
whole subject. 

The methods developed connection with the study the normal 
error are well suited investigation this kind. There 
presumption that they may applied, growing out experience 
with other kinds data, but the presumption not 
accepted without careful study the best flow data 
available, see how close the agreement really is, and how far 
may depended on. 

The first requisite successful study probabilities have 
ample data. There are only few cases where the records stream 
flow longer period than years, and the longest record here 
used, that the Croton River, covers only one 
these records, taken itself, sufficient serve adequate 
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basis for forming judgment the probability the recurrence 
conditions which are only expected intervals longer than are 
covered these records. 

order form judgment such conditions, may either 
resort the normal law error, and assume that, applies rea- 
sonably the data for short periods, will also apply longer 
ones; may combine the records several streams, after eliminat- 
ing all the elements that can separated and eliminated, thus form- 
ing single series containing the elements unexplained variation 
reduced nearly possible common basis. this way series 
results built which may taken representing the unex- 
plained variations the flow single stream for hundreds 
years. 

Such artificial record open some objections. All the rec- 
ords which composed were obtained the same general 
period time, and any changes climatic conditions that might 
take place long term years are not reflected it. Never- 
theless, such artificial series seems the best means now 
available for finding approximately some the relations between 
flow and storage. 

Study Divided into Two Parts—An impounding reservoir serves 
two purposes. These run into each other, more less, and over- 
lap, but they are nevertheless reasonably distinct, and can best 
considered separately. 

The first balance the fluctuations flow during the sea- 
sons one year. That is, hold the flood flows the winter 
and spring and make them available for maintaining the service 
during dry periods the following summer and fall. This will 
called the monthly storage. 

The second hold the surplus water wet years and make 
available the dryer years that follow. This will called the annual 
storage. 

These matters will taken for discussion separately, and 
afterward the results will combined single statement. 

Approximate Methods Used.—In all hydraulic data the probable 
error measurement considerable. There is, therefore, justi- 
fication for the application extreme refinements methods 
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With this mind, slide-rule calculations have been 
used. most cases, available records are given monthly averages, 
and each month has been taken one-twelfth the year, regard- 
less the number days actually contained. few cases, 
daily weekly records are available, and brief investigation has 
been made the probable error involved the use monthly 
average figures instead daily ones. Some changes method have 
been made during the course the work, and minor discrepancies 
resulting therefrom (too small significant) have not always 
been corrected. Where records from several streams are averaged, 
weighted average used which each given value propor- 
tion the length the records from which obtained. 

Land Area Only the case many the streams 
included the following study, all nearly all the catchment area 
reservoirs. other cases, reservoirs lakes have occupied certain 
percentage the area, and this percentage has gradually increased 
during the period covered some the records. The published 
records flow are based the whole area, including water sur- 


face. For the purpose this study, the method taking only 
land area starting point, suggested Frederic Stearns, 
Past-President, Am. Soc. E., has been followed. The published 
figures are revised dividing the run-off per square mile from the 
total area, one less the proportion water 


Data 


The first step reduce existing data land-area basis, 
and make tabular statement showing the average flow per square 
mile for each catchment area for each month for the whole period 
covered the observations. The records flow the following 
streams have been used: 

Sudbury part the Boston water supply, with 
catchment area sq. miles. The records cover the period from 
1875 1896, inclusive, during which time the water area ranged from 
per cent. The more recent records the Sudbury River are 
not used, because, beginning with 1897, the water for Boston from 
the Wachusett catchment area was drawn through the Sudbury sys- 
tem, and the Sudbury figures are obtained the difference between 


the measurements the water entering and leaving. the quan- 
tities passing through are much larger than those originating the 
area, the measurement not believed sufficiently accurate 
justify the use the records since this condition has existed. The 
Sudbury catchment area rolling, inhabited, and cultivated, and 
has much sand and gravel. 

Wachusett Reservoir (South Fork the Nashua River).—This 
also part the Boston water supply. The records cover the 
period from 1897 1911, inclusive. The catchment area 118 sq. 
miles somewhat more hilly and higher elevation than the Sud- 
bury. also contains large quantity sand and gravel. The 
water surface has ranged from per cent. 

Croton River.—This part the New York water supply, with 
catchment area 339 sq. miles the Old Croton Dam, increased 
1906 360 sq. miles the New Croton The records 
cover the period from 1868 1912, inclusive, during which time the 
water area has ranged from per cent. The catchment area 
rolling, cultivated considerable extent, and has large 
quantity sand and gravel. 

Manhan River.—This has small catchment area sq. miles, 
forming part the water supply Holyoke, Mass. The measure- 
ments were made weirs, with unusual care, and cover the period 
from 1897 1910, inclusive. The area rolling, and the quantity 
sand and gravel large. 

Catskill Streams.—These include the Esopus, 378 sq. miles; Scho- 
harie, 240 sq. miles; and Rondout Creek, 105 sq. The gaug- 
ings were made the City New York, and cover relatively 
short period. The catchment areas are steep and mountainous, and 
largely wooded. The soil generally impervious, and there little 
sand and gravel. The records are not sufficient length cover 
the dryest periods, but they are useful indicating the ordinary con- 
ditions storage required catchment areas differing radically 
physical characteristics from those previously mentioned. 

Pequannock River—This furnishes the water supply for Newark, 
has catchment area sq. miles hilly, almost 
mountainous country, cultivated moderate extent, but largely 


covered with second-growth forest. The record covers the period from 
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1892 1911, and made Venturi measurements 
the water taken out the catchment area for use, and weir measure- 


ments the water washing over the intake dam. The water area 


about per cent. 

Philadelphia Streams.—Three streams, Perkiomen Creek, 152 
miles; Neshaminy 139 sq. miles; and Tohickon Creek, 102 
sq. miles, were proposed many years ago sources additional water 
supply for Philadelphia. They were not used proposed, but careful 
gaugings, extending over period years, are available. The 
country hilly and partly 

Gunpowder River—This furnishes the water supply for Balti- 
more, Md. The catchment area 308 sq. miles hilly, rolling 
country, under good state cultivation. The hills are high and 
steep, but there deep cover fine-grained micaceous sandy 
material large part the area, and this serves store large 
quantity water, that the ground-water flow this stream 
larger relatively than that any other stream considered. The records 
are made the quantity water drawn for use the City 
Baltimore, and that flowing over the intake dam, from 
the records gauge heights covering the period from 1883 1911, 
inclusive. considering these records, their report the water 
supply, Messrs. Freeman and Stearns reduced them slightly because 
they believed that the coefficient used the weir formula, for 
the crest the dam existed, was lower than had been assumed 
making the quantities used the Water Department. 
this the records are used without correction. 

Merrimac River—The Merrimac River drains area 4634 
sq. miles. The record the flow the Lawrence Dam has been kept 
the Essex Company. Lake Winnepesaukee and many smaller lakes, 
comprising 2.6% the total catchment area, are included this 
area, and storage them, either natural with the aid the con- 
trol works the outlets some the lakes, element main- 
taining the regularity the flows. correction for water area has 
been made the Merrimac flows. 

Hudson record the flow has been kept Mechanics- 
ville, where the catchment area 4500 sq. miles. with the Mer- 
rimac, there are numerous lakes the catchment area, and natural 


Ty 


storage element maintaining the flows. correction has 


been applied for water area. 

Colorado Streams.—The gaugings three used the 
Denver Union Water Company are available: 

Bear Creek; record, 1900 1911, inclusive, and catchment 
area 172 sq. miles; 

South Fork the South Platte River; record, 1900 1911, in- 
clusive, and catchment area 1796 sq. miles; 

South Platte River Platte Canyon; record, 1903 1911, in- 
clusive, and catchment area sq. miles. 

These streams were included typical ones dry country where 
the variation flow from year year much greater than any 
those previously mentioned. The seasonal fluctuation 
depends different conditions, especially the accumula- 
tion snow the high mountains, and its melting summer. These 
streams were included the study order see how far the same 
methods calculation would applicable them, and with the idea 
that they would included summaries with the eastern streams 
only became apparent that doing would not modify materially 
the standards reached. Including these western streams has the im- 
portant advantage that tends broaden the methods used for com- 
paring data, that they are applicable under greater variety 
conditions. 

Not all the sources mentioned were used for all parts the fol- 
lowing study, but only such records seemed most appropriate 
relation each point taken turn. 

Additional would possible, using the records 
the United States Geological Survey, greatly extend the investiga- 
tion. the first study thought best use only limited num- 
ber selected data. means easy matter gauge 
streams accurately, especially under winter conditions northern 
climates, with large quantities ice and anchor ice the water. 
necessary, therefore, use these records with caution, because such 
errors may éxist some them. records are obviously 
more useful than those short term, and the latter have been con- 
sidered only the case few streams representing types catch- 
ment area not otherwise included. 


4 
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‘Calculation were made for each year for 
each the streams investigated order determine the storage re- 
quired maintain each number assumed rates draft. For 
most the streams, for which the flows were given gallons per square 
mile, these calculations were made for rates draft 100 000, 200 000, 
400 000, 600 000, 800 000, and 1000000 gal. daily per sq. mile land 
area, for many them required storage and could 
the case streams where the records were cubic feet per second, 
rates draft were taken giving about the same general range. 

Basis Stating Storage—There are several ways which the 
storage may stated: relation the land area, terms the 
mean annual run-off, terms the proposed maintainable draft. 

When storage based the tributary area, may stated 
inches run-off millions gallons per square mile tributary 
area. These and similar terms bear fixed relations each other. 
Thus in. run-off always equal 400000 gal. per sq. mile. 
When these units are used, should stated whether they relate 
the whole area the land area only, either form may used. 
When the storage based the mean annual flow, the percentage 
required fill the reservoir from bottom top usually given. 
When the storage based the maintainable yield, most con- 
veniently stated days’ supply. Thus, given reservoir holds 
000 gal., and used for output 2000000 gal. per 
day, days’ storage said provided. Each these three ways 


stating storage has advantages for certain purposes, and they are 
all used this discussion. 


Each Year assumed, the first part this study, 
that the reservoir full each year the beginning the summer 
dry period, and account taken any deficiency that might exist 
from operations previous years. The figures thus reached are re- 
ferred those for “each year itself” “monthly storage”. 
second set figures made which the deficiency the beginning 
any year carried forward. The figures thus reached are spoken 
The cumulative figures are comparable with 
those made Messrs. Stearns, FitzGerald, and Freeman for zero 
water area. 


STORAGE PROVIDED IMPOUNDING RESERVOIRS 1547 


the outset was supposed that the cumulative figures would 
the most important, and those representing each year itself were 
carried convenient and perhaps useful check. turned out, how- 
ever, that the figures for each year itself could reduced more 
definite and satisfactory order than was possible for the cumulative 
figures, and the final study use made the latter, except 
check the results otherwise reached. 

The monthly storage figures, representing the storage for each year 
itself, are used convenient step the process development, 
and not always represent the whole quantity storage required, 
they contain allowance for the annual storage nécessary hold 
the excess water wet years and make available dry ones. 

The figures for monthly and annual flow for each the streams, 
and the computed storage therefrom for several assumed rates draft, 
are compiled Table the original this table very long, 
and all the figures used the subsequent discussion are shown 
graphically the diagrams which follow, the table not presented 
full, but only one part it, containing the records one stream, 
order show its form. 

Plotting Results—On Fig. are plotted these results for the 
Wachusett Reservoir. The quantities storage for each rate 
draft are arranged order magnitude and plotted lines equally 
spaced the These lines are not reproduced, but the points 
plotted show their position. Lines showing the percentage the total 
number years are added more convenient basis for further 
discussion. Lines connecting them approximate the 
letter “S”, the middle part the curve being moderately straight, and 
the curvature near the ends much sharper. 

Smooth curves have been drawn show the most probable curve 
case the normal law error applies the data. The question 
whether does apply will not discussed this time, but 
the lines drawn with its aid give better idea the normal shape 
the curves than can obtained from the few points that con- 
stitute this particular series. the data were much more numerous, 
fair approximation positions near the ends, that say, the 
probable storage required maintain drafts years dry that they 
recur only once years, could obtained. 
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1898, 2.2 | 1598 | 1 672 | 3 157 | 2072 | 1 421 847 841 | 1 355 692 | 1548 | 2219 | 2 107 | 1 586 
1899 2.2 | 2189] 1115 | 2888) 3452] 882 574 362 242 256 251 440 867 | 1 075 
1900; 2.2 814 | 4 144 | 3 806 | 1 616 | 1 413 591 | . 222 201 131 289 895 | 1 605 | 1 202 
19038 2.4 | 1206 | 2 185 | 3507 | 2208 58821883) 639 486 884 705 649; 976) 1316 
1904 3.6 684 962 | 3 120 | 3 095 | 1 554 791 515 368 512 360 >, 457 | 1 068 
1905 4.1 | 1320 472 | 3182 1 686 464 565 881 335 | 1280; 3883 461 | 1 061 965 
7.0 | 1869 | 1 867 | 2 357 | 1 364/| 1 521 434 237 95 170 184; 416) 910 
1909; 7.0 687 | 2748 | 2 289 | 2 604 | 1 308 680 251 208 224 97 391 578 | 987 
1910| 7.0 | 1985 | 1984 2839/1112 655 | 886 67 2 156 73 381 420| 800 


SIDERED THAT WHERE CUMULATIVE STORAGE 
GREATER, THE FOR GIVEN PARENTHESES. 


MILLIONS GALLONS PER SQUARE MILE 
oF LAND AREA, FOR DRAFTS AS MARKED. 
Year. 

100 000 200 000 400 000 600 000 800 000 000 
0 0 17 29 AW 
0 0 2 8 14 3) 
0 0 15 52 95 147 
0 0 2 14 45 7 

0 0 0.5 10 35 ris 
0 0 3 31 68 118 

0.2 3 11 23 85 (96) 57 
0.2 6 zr 68 116 | 165 
1.0 9 34 70 112 (206) 173 


With data more numerous than those the record shown 
Fig. the method clumsy one, and cannot expected 
yield close results. may pointed out, however, that the method 
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which has been most commonly used for estimating storage has been 
that considering only the highest term the storage series, and 
that consideration has usually been given the other terms. 
Under these conditions, the degree dryness the year that con- 
trols matter chance. The longer the record period, the greater 
the chance that will include very dry year. Plotting even 
this crude way improvement, that gives some idea the 
range results and the frequency recurrence extreme values. 

Probability Paper—The practical difficulty with the plotting 
Fig. the great curvature the lines showing the required 
storage. This difficulty great make the method unsatisfactory 
most cases; but has been removed using paper ruled with 
lines spaced accordance with probability curve, or, other- 
wise called, the normal law error. The spacing the lines for 
this paper was computed from figures taken from probability curve 
tables, and arranged that the line which represents the summa- 
tion the probability curve, when plotted it, straight. 
the data for any series correspond strictly with the normal law 
error, the points plotted this paper will all straight line. 
the data approximate the normal law error, the line through 
the points will approximate straight line. Even though the devia- 
tion from the normal law error considerable, line with only 
moderate curvature may represent fairly well. 

plotting observations this paper, either two methods may 
used. First, all the results may divided into classes between 
certain limits, and the corresponding limits the other direction 
may determined and plotted. This the better method where 
the number terms the series large. cannot well used 
with the relatively small number terms ordinarily constituting 
series storage data. the second method the whole space 
divided into many vertical strips there are terms, and the figure 
for each term, arranged its order magnitude, plotted the 
percentage which corresponds the middle its strip. That 
say, there are terms the series, each taken represent 
the whole space. The first term will plotted the middle 
the first strip; that is, the line; the second term will 
plotted the middle the second strip, the line, ete. 
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The position for plotting results can obtained with sufficient 
accuracy with 10-in. slide-rule. The decimal position the mth 


ACHUSETT RESERVOIR 
FOR SEVERAL 
RATES DRAFT 


Storage, in Millions of Gallons per Square Mile 


Percentage of Years 
Fic. 1. 


Storage Data Probability Paper—On Fig. are plotted 
probability paper the same data that were plotted natural scale 
Fig. seen that the sharp curvature the ends entirely 
eliminated. The lines representing the several series have only 
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Storage, in Millions of Gallons per Square Mile. 
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moderate curvature, and this much the same the different 
This method represents the data more satisfactorily than arithmetical 
plotting. 

The diagrams, Figs. 21, inclusive, represent all the data from 
the other streams mentioned, arranged the same way; and, 
these diagrams are the most convenient means showing these data, 
and are sufficiently accurate, the actual figures are not presented. 

the three the streams, namely, the Croton and 
Sudbury Rivers and the Wachusett Reservoir, three plottings are 
made for each. The first represents the flow occurred, without 
correction for loss evaporation from the water area. The second 
contains the storages required balance the calculated flows for all 
land area. making the correction, has been assumed, first, that 
the actual flow was increased each month the rainfall the 
actual water area the system existed that time, and second, 
that the flow was decreased the evaporation for that calendar month, 
found Desmond FitzGerald, Past-President, Am. Soc. 
his experiments Chestnut Hill Reservoir.* The third diagram repre- 
sents the required storage balance the calculated flows from land 
area sq. mile which there attached 0.1 sq. mile water 
surface. The allowances for rainfall and evaporation have been made 
the same way. 

The data have been computed and arranged this way with the 
idea showing the effect water area stream flow, and the 
required storage; and certain deductions will made from them 
the study proceeds. 

drawing the smooth curves the several diagrams, uniform 
procedure, described later, has been followed, giving definite 
and nearly constant curvature, this being deduced from study 
all the series here presented. The same procedure has been followed 
the few cases where the data for one series alone would indicate 
either more curvature less than the line drawn. For the streams 
where the records have been longest continued, the agreement the 
lines with the actual records satisfactory. For the shorter records 
the results are less regular, owing the fact that they are not 
numerous enough have filled all the values that would 


expected long-term series. 
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Storage, in Days, (calculated from monthly average). 
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Storage, in Millions of Gallons per Square Mile, 


SEES 


Definition Dry years recur intervals. The 
dryer the year the longer the probable interval its 
For intelligent discussion, necessary define dry year 
terms which will designate the degree dryness. 

this discussion the procedure has been adopted arranging 
all the years given series the order their dryness. The 
median year such series referred the “50% The 
year such degree dryness that 90% the years are wetter 
and 10% are dryer than it, called the “90% dry and the 
year such that 99% all the years are wetter and dryer than it, 
called the “99% dry Years thus defined are types. 
one actual year meant. 

Dry years may classified with the quantities 
rainfall, the quantities run-off, the quantities storage required 
maintain certain drafts. Arranging all the years series 
the order dryness these different bases will not always place 
them the same order. One year may the dryest with reference 
rainfall, another with reference run-off, and still another with 
reference the maximum storage required. this discussion such 
differences are overlooked, and the 90% dry year considered 
type and always refers the year defined above with reference 
whatever matter may under investigation the time. 

Using Monthly far, all calculations have 
been made basis the average monthly flows. Obviously, 
there will fluctuations flow the days the months the 
beginning the period depletion, and the month during which 
depletion culminates, which are not represented the monthly 
averages. order determine how added for daily 
variations flow within these months, the Manhan records, for 
which daily records were also available, were used, and the 
tions were made again the basis the daily flows. These figures, 
compared with those based the monthly average results, are given 
Table 

There slight tendency for the larger figures occur the 


dryer years, that, from dry-year standpoint, the correction should 
above the general average 8.2 days. Nine selected cor- 
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rection added all monthly figures. This will the 
“daily 

Effect Using the Monthly Basis the Rest the Calculation.— 
found that the storage required, the basis the monthly 
mean figures which have been used this and most prior in- 
vestigations, gives too little storage for periods ranging from 
days, and averaging days. The quantity excess storage for each 
year within these limits matter chance. depends mainly 
whether the storm that terminates the drought and commences re- 
fill the reservoir occurs early the calendar month. 


River Usep. 


For GALLONS PER SQUARE LAND AREA PER Day. 


600 000 800 000 000 


vo} 
o 


The effect using monthly means introduce accidental 
variation, growing out the method record and calculation, 
addition all the natural variations that exist, the average 
excess, called daily storage, known from the fore- 
going large constant error expected the 
result. The fact the additional variation makes all the 
monthly figures much more variable, and adds the difficulty 


analyzing them correctly. 

the matter securing run-off data were taken again, 
there would much said favor weekly averages. The 
probable between the required storage from the 
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weekly averages and the daily results would small that could 
overlooked. The weekly averages would easier analysis than 
the daily results, and would serve all practical purposes. The weeks 
are also all the same length, and the slight errors introduced 
the fact that the months are not the same length would eliminated. 

nearly all the data now available are monthly basis, and 
the daily records could only secured and analyzed with great labor 
(and, some instances, not all), this matter not open for re- 
consideration this time. Attention called with the view 
raising the question whether future would not better use 
the weekly instead the monthly basis. The weekly basis has been 
used always for the record the flow the Merrimac River, kept 
the Essex Company Lawrence, for the Connecticut River 
Holyoke, and the Pequannock River the City Newark. 

The importance making the correction for daily results, when 
monthly records are used for the basis will realized 
when stated that, for most the Eastern streams investigated, 
this correction amounts more than the allowance for evaporation. 

Method Least the methods least squares 
have been found applicable the data flows and storage. With- 
out explaining the methods found textbooks, the following funda- 
mental definitions may given: 

The “mean” series terms the arithmetical average all 
the terms. The “median” the middle term the series. The “varia- 
tion” any term the difference between that term and the mean. 
The “standard variation” the square root the mean square the 
variations all the terms. The “coefficient variation” the ratio 
the standard variation the mean. The “average variation” 
the arithmetical average all the variations. The “probable error” 
that variation which exceeded one-half the variations, 
the median ‘the variations. 

The standard variation and the coefficient variation have gen- 
erally been used basis for calculation. the tables the curve 
normal error are most commonly given terms the probable 
error, often necessary change one the other. With data 
following the law normal error, the ratios between the standard 
variation, the average variation, and the probable error are constant, 
and are follows: 
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Standard varjation..... 1.000 1.253 1.483 
Average variation...... 0.798 1.000 1.183 
Probable error......... 0.8453 1.000 


Data Which This Method Not Applicable—This method 
analysis cannot applied safely any series results which there 
more than one zero. There are many important series this char- 
acter investigated. Such series include the storages required 
maintain low rates draft where, wet years, the natural flow does 
not fall below the assumed rate draft, and when, therefore, 
storage required. also cannot applied unless all the terms 
the series are available. For instance, good data may hand 
the flow certain number dry years, but without cor- 
data for intervening years average, more than 
average, flow. For both these cases other methods handling the 
data must found. 

cases series where there are several zeros, possible 
get fair approximation the standard variation dividing the 
difference between the storage for the 99% year and the 50% year, 
determined graphically from the plotting, 2.6,* and approxi- 
mate the mean storage adding 0.1 the standard variation thus 
found the storage for the 50% year. Figures thus obtained are 
starred the tables which follow distinguish them from those found 
the ordinary arithmetical procedure. this approximate method, 
reliable values are obtained which are needed round out the study 
and would not otherwise available. 

The adjusted mean storage computed this way, course, 
not true mean; but bears the relation that part the series which 
available that the mean the whole series would bear the whole 
series were available. The reason the mean obtained averaging the 
actual figures does not bear this relation that, the whole series 
were available, some the terms would represented negative 
numbers. These negative numbers cannot computed and are not 
known, but the fact that they would exist theoretically complete 
series introduces disturbing element the actual mean used. 

Table presented concise summary the storage data 
taken from Figs. the foregoing methods. 


the normal law error applied exactly, this factor 2.33, The value here 
given deduced from actual results obtained from data considered and shown Fig. 29. 
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(Each Year Itself. Storage Included.) 


~ 


(1) (2) (3) (4) 
SToraGeE REQUIRED, IN 
AssuMED RATE Days’ FLow aT As- 
or DRAFT. SUMED RATE oF 
DrRaFtT, with NINE 
ONTHLY FIGURES 
per square ATIONS. 


mile of | 
land area. : Mean. In 95% year, 


Stream. 


in days’ storage. 


Standard variation 


Wachusett, actual 200 000 11* 
400 000 
600 000 
800 000 0.695 
1 000 000 0.87 


water area 200 000 0.176 
400 000 0.352 


600 000 


Wachusett, mile water area.... 


Bear Creek 


21. 
24. 
35. 


Catskill streams 


ores 


Croton, actual 


Croton, no water area 


Croton, mile water area 


Gunpowder 


905 000 
| | 


Adjusted values which have been inferred from the line drawn represent the data. 
+Includes water area. 


| - 

16) 
| | | 

126 
157 
| 187 0 
800 000 0.704 145 
| 
400 000 0.342 111 
600 000 0.518 141 
800 000 0.684 165 
150 000 131 198 
100 000 0 10* 29 5* 
400 000 117 
600 000 152 
800 000 112 174 
000 000 125 190 
600 000 0.522 154 
400 000 115 
600 000 0.527 154 
000 000 108 200 
200 000 0.169 44* 130 50.0* 
400 000 0.388 150 
800 000 0.676 102 198 52.2 
600 000 0.658 100 
800 000 0.877 147 
454 000 0.400 


TABLE 3.—(Continued.) 


~ 
a 
~ 


(2) (3) (4) 


REQUIRED, 
ASSUMED RATE Days’ Fiow aT As- 
oF DraFt. SUMED RATE OF 
DraFT, witH NINE 
Stream. MONTHLY F1IGURES TO 
Cover Fivuctru- 
ATIONS. 


Standard variation 
days’ storage. 


95% year. 


Merrimact..... So scare 


Neshaminy 


Perkiomen 


27. 
34. 
43. 
44. 
48. 
58. 
36. 
38. 
40. 
44. 
45. 


South Fork of South Platte 


South Platte.. 


Sudbury, actual 


Sudbury, area 


Sudbury, mile water area 


Tohickon 


160 

178 

193 
* Adjusted values which have been inferred from the line drawn to represent the data. 
+ Includes water area. 


“J 
mean 
600 000 0.455 61 132 41 
800 000 0.607 165 
000 000 0.760 186 
888 000 16* 
519 000 0.509 100 
646 000 132 
200 000 0.184 
400 000 0.369 56* 130 
600 000 0.554 84 160 
| 800 000 0.738 104 190 
000 000 0.924 122 214 
400 000 0.370 43* 109 , 
600 000 0.555 70 141 
800 000 0.740 169 
000 0.926 112 192 
16 200 0.305 66 138 
34 000 0,645 119 219 
000 0.815 141 246 
000 0.240 18* 13.8* 
000 0.560 146 35.7 
000 0.720 40.8 
200 000 0.188 31* 59 16.0* 
400 000 0.366 73 125 30.7 
600 000 0.548 101 164 37.3 
800 000 122 192 40.4 
000 0.915 139 215 
400 000 0.368 114 28.8 
800 000 0.736 117 188 40.8 
200 000 0.180 67* 124 32.7% 
400 000 0.359 95 159 37.3 
600 000 116 187 41.4 
800 000 0.718 132 205 42.7 
200 000 0.152 42* 99 82.7* 
( 400 000 0.305 69 130 85.6 
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The figures Table have been plotted, forming three diagrams. 
The assumed rate draft, fraction the mean flow, shown 
Column used base for each. Fig. are plotted the 
figures Column showing the mean storage required days’ 
flow for each the streams. Fig. the figures Column are 
plotted, showing the storage required 95% dry year, and Fig. 
shows the figures Column for standard variation days’ storage. 
plotting these results, the corrected figures for water surface 
for the Sudbury, Croton, and Wachusett are used, being, the 
whole, most suitable for this purpose. 

seen inspection Figs. and that the number days’ 
storage required different streams varies considerably, but the lines 
representing the required storage different rates draft are rather 
strikingly parallel with each other. other words, increased rate 
draft requires nearly the same increase the quantity storage 
all the streams. This shown further Tables and 


TABLE 4.—Dirrerence Between THE Days’ 


FOR THE 


DIFFERENCE BETWEEN REQUIRED STORAGE AND 
STORAGE AT 50 Per Cent. 


Number 
Stream. years 


in record. 


Neshaminy... 
Perkiomen... 
South Fork. 
South Plat 
Sudbury.... 
Tohickon... 


Table shows the number days’ storage required maintain 
50% draft average year and 95% dry year, scaled from 


Figs. and and the additional quantity required for the latter 
over the former. 


use. use. use. use. use. 
Catskill 17 57 81 14 u 21 30 
4 Croton 45 55 38 19 13 25 36 
Gunpo 29 16 82 48 
Hudson B omen 27 14 15 29 41 
Manha 14 48 80 14 14 25 36 
sce 23 45 3h - 25 16 32 48 
7 25 60 36 15 18 25 36 
ve 11 46 29 15 17 82 45 
22 66 40 18 14 26 38 
i 25 41 23 11 8 18 27 
Weighted average......... 51.1 17.0 14.1 27.2 89.4 
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TABLE Between THE NuMBER Days’ 
50% THE FLOW SEVERAL STREAMS, FOR 
THE 95% Dry 


DIFFERENCE BETWEEN REQUIRED STORAGE AND 
SToRaGe aT 50 Per CENT. 


Number 
Stream. years 
use. use. use, use. 
Catskill..... 17 81 43 18 14 25 36 
Croton.... 45 92 OF 23 14 26 38 
Gunpowder 29 68 44 20 17 36 58 
Hudson..... 23 81 51 20 21 41 62 
Manhan.... 14 89 45 22 21 36 50 
South Fork. ll V7 55 27 23 42 57 
South Platt 8 98 65 31 26 Ad 58 
Sudbury.... 22 96 7 24 20 38 54 
Tohickon. 25 57 36 17 11 21 31 
Wachuset 15 82 51 24 19 38 57 
Weighted 293 80.6 49.6 22. 18.2 35.2 51.7 


FoR SEVERAL STREAMS Various 


STANDARD VARIATION IN Days’ FLow. 


Number 
Stream. of years | 

record. 0.20 0.30 0.40 0.50 0.60 0.70 0.80 

use. use. use use use. use use 

Bear Creek..........+. 11 18 2 24 26 81 35 
Croton...... ey oe oe 45 28 38 45 47 48 49 50 
Gunpowder............ 29 9 22 36 40 41 42 45 
Manban...... eee’ 14 20 35 39 43 48 50 53 
Merrimac. :...5....608¢ 23 15 29 30 35 40 43 
PTORICKOD 25 35 40 42 44 45 45 
Weighted average. 293 24.4 29.0 86.0 38.0 41.1 43.2 45.3 


combined form composite storage curve representing all the data. 
The variations the several cases not differ widely, but the 
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absolute quantities do, depending natural storage and other con- 
ditions which are not the same for different streams. The composite 
curve may average inclusive one. The latter selected, 
and 100 days’ storage for use equal 50% the normal flow 
taken the starting point. This covers all but one the figures 
Table and within the probable error that one. The exact value 
taken particular significance, will appear the method 
use developed. 95% dry year the normal storage (Table 
will days more than this, 168 days. Adding subtracting 
the normal differences shown Tables and from 168, gives 


the figures Table 
TABLE 


or Days’ StoraGe REQUIRED TC 
MAINTAIN FLOW Equat To 50% or NoRMAL 
Number 

ream. years. 


Difference. 


95% year. 


Manhan.. 
Merrimac.. 
Neshaminy. 
South Fork 
South Platte 


Weighted 


TABLE 


Normal days’ storage Normal days’ storage 
average year. 95% dry year. 


Portion which use is 
of mean flow. 


0.10 

0.20 49 

0.30 67 119 

0.40 84 145 

0.50 100 163 

0.60 114 186 

0.70 127 208 

0.80 189 219 

0.90 (150) (283) 
1.00 (160) (246) 


The figures Table are plotted probability paper (Fig. 25). 
The figures for the mean year are plotted the 54% line, instead the 
50% line, because the curve skew curve, and investigation shows 


AGE 
FOR 
17 108 168 60 
23 86 91 55 
14 67 142 v6) 
dope 23 45 98 53 
ctedcccbeveedacessetcccenps 25 62 182 70 
ll 94 186 92 
8 60 127 
TOM 25 91 165 74 
15 58 | 106 53 
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that about 54% all the terms are less than the mean. From this 
diagram the number days’ storage required maintain the 
several assumed rates flow years other degrees dry- 
ness may taken. Values thus found have been used plot- 
ting Fig. 26, which shows the normal inclusive quantity of. storage 
required various rates draft, years different degrees 
dryness. This diagram, from the method its construction, 
above all but few individual results. 


Days Storage 


Days Storage 


NORMAL MONTHLY AND DAILY 
STORAGES 


Fic. 26. 


The quantity, shown the records various streams, which 


the storage actually required falls below the normal storage diagram 
various points may found. Table shows the quantity that they 
fall below 95% dry year, and Fig. shows the difference 
graphically. 


300 
of 
0.1 
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the normal storage diagram applied strictly all the records, 
the figures for Table for each stream different rates draft 
would constant. This only approximately the case. The varia- 
tions represent, part, accidental variations the kind that would 
found different parts very long record one stream, and, 
part, actual difference conditions the different catchment areas, 
and their climates and conditions natural storage, which tend 
modify the values the normal storage diagram. The accidental 


Portion Mean Flow Used. 
QUANTITIES WHICH ACTUAL STORAGES ARE LESS THAN 
NORMAL STORAGES 
Showing effect ground-water storage and 


other conditions peculiar to the several areas. 


27. 


variations are considerable. Some the most striking variations 
are the short-term records, and these are considered mainly 
accidental. The long-term records usually show smaller variations. 
However, the three Philadelphia streams, Neshaminy, Perkiomen, and 
Tohickon, show well-defined tendency require greater relative 
quantity storage for low rates draft. This may indicate greater 
summer evaporation and smaller summer run-off, some variation 
seasonal distribution rainfall. the other hand, the Merrimac 


2 90 GunP?e 
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50 
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 
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requires less relative storage for low rates draft. This may 
accounted for part the natural lakes this river, which modify 
the conditions run-off the added evaporation from the water 
surface, and increase the flow natural storage the lakes, which 
normally runs out gradually during the summer with falling lake level, 
and tends maintain the flow. 
TABLE THAT THE AcTUAL 


ror Less THAN THE NorMAL 
Days’ FoR SEVERAL STREAMS AND 


95% Dry 


DIFFERENCE BeTWEEN AcTUAL REQUIRED STORAGE 
AND NorMAL StoraGe DiaGRam. 


Number 
record, | 0.20 | 0.30 0.40 0.50 0.60 0.70 0.80 | Aver- 


use. use. use. use. use, use. use. age. 


Bear Creek...... 


Neshaminy...... 


Perkiomen....... 25 24 26 29 34 38 40 43 

South Fork...... 4 — 2 —12 — 16 —19 — 24 — 25 oeee -- 
South Platte.... sacs 55 48 39 33 82 33 
Sudbury......... 22 40 29 22 21 21 21 20 % 
Tohickon........ 25 —22 | —10 —4 2 9 16 ones 2 
Wachusett....... 15 63 62 62 62 61 59 nad 61 


The area water surface makes substantial difference the 
required storage for the lower rates draft, but much less difference 
relatively for the higher rates. This illustrated Fig. 28, which 
shows the storage data for the Croton River, using the flows they 
naturally occurred, corrected represent area with water, and 
computed for one part water area for each ten parts land area, 
the values for this plotting being taken from Table 

Summary Monthly and Daily Storage, Excluding Annual 
foregoing studies relating the storage required 
maintain flows through one year, and excluding all consideration 
cumulative storage, show that, after due allowance made for the 
constantly recurring fluctuations, depending rainfall other 
conditions, analyze which attempt made, there remains 
fairly definite and simple relation between the draft and the required 


ds, 
aft 
ia- 
id, 
| 
Crotom ......+.-. 45 29 21 18 19 23 28 eoes 23 
Gunpowder ..... 29 85 88 1 98 9 4 88 91 
Manhan......... 14 33 21 24 25 22 25 P48 25 
Merrimac........ 23 84 70 63 56 50 66 
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storage. There also fairly definite and simple relation between 
the available supplies years different degrees dryness and the 
frequency the reeurrence such years. These relations may 
expressed normal storage diagram which shows the storages 
terms days’ draft. The storages thus shown are greater than those 
actually required any particular stream number days which 
nearly constant for that stream, but varies considerably for different 
streams, depends the natural storage the catchment area, 
and other physical conditions that stream. 


Storage, in Days. 


EFFECT WATER AREA THE 
STORAGE REQUIRED THE 
CROTON RIVER. 


0.3 
Portion of Mean Flow Used 
28. 


This nearly constant quantity can estimated from the records 
relatively short term years finding the mean storages re- 


quired maintain one more assumed rates draft and subtracting 
these from the normal storages for the same rates draft for 
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average year. This difference (or the average several them) sub- 
tracted from the normal storage diagram will give fair estimate 
the storage required under various conditions for that stream, and 
probably more accurate than can made from any but the longest 
and most kept records flow for that particular stream. 


this point has been deferred until the data represented 
Figs. 21, inclusive, could presented. study these dia- 
grams gives indication the extent which the data can 
analyzed this way. the normal law error applied strictly, the 
results for each series would all found one straight line. That, 
course, practically impossible. reasonable approach straight 
line indicates that the data follow the law approximately. the cases 
the longest continued records, the plotted points correspond well 
with the lines drawn represent normal conditions. the records 
covering shorter periods there are wider fluctuations, owing the 
fact that the terms the series are not numerous enough have 
filled all the and extreme values that would 
long series. general, the longer the period record the more 
closely the results permit plotting direct line. 

test the matter further, two combination series results were 
prepared, showing the variations terms the standard variation for 
each series, first, the annual flows each stream for the 300 years, 
shown Plate XXXVI; second, the quantities storage, similarly 
arranged, required maintain drafts 600000 and 800000 
respectively, per square mile land area for each the streams for 
which these figures were available. summary the results these 
two series given Table 10. 

The figures Table are plotted Fig. 29. The two series 
correspond well, that say, they have the same degree skew, 
and single line, therefore, represents both. significance 
attached the fact that they have the same degree skew. This 
considered purely accidental. The line representing these 
results direct line, but not straight one. Most the results 
each series are below the mean; and the variations upward, though 
less numerous, are greater magnitude than the variations down- 
ward. The results may combined further, Table 11. 
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TABLE 10. 


(2) (3) (4) 
300 TeRMs IN SERIES 


402 TERMS IN SERIES TOGETHER : 
Actual ANNUAL FLOW. REQUIRED STORAGE. 702 
variation, 
in terms 
standar ow limi ow limit ow limit ‘er- 
variation. Percentage. Percentage. centage. 
Column Column Column 
2.5 1 0.2 1 0.14 
— 2.0 0 odé 3 0.7 8 0.4 
— 1.5 7 2.3 15 8.7 2 8.1 
— 1.0 56 18.7 68 17.0 124 17.7 
— 0.5 104 34.6 188 34.3 242 34.4 
Mean 163 54.3 229 57.1 92 55.8 
+ 0.5 218 72.7 275 68.4 493 70.2 
+ 1.0 246 82.0 327 81.8 81.6 
+ 1.5 373 91.0 367 91.2 640 91.2 
+ 2.0 288 96.0 391 97.3 679 %6.7 
+ 2.5 295 98.3 401 99.8 696 99.14 
+ 8.0 299 99.7 402 dene 701 99.86 
+ 3.5 see 


2 


TABLE 11, 


PERCENTAGE OF TERMS OUTSIDE RANGE. 
Range standard 


variations. | 

| Computed to follow 

Below. Above. H Total. normal! law of error. 
’ 0 55.8 44.2 100.0 100.0 
0 — 0.5C 34.4 29.8 64.2 61.8 
17.7 18.4 36.1 
0—1.5C 8.1 8.8 11.9 13.4 
0 —2.0C 0.4 8.3 | 8.7 4.6 
0 — 2.5C 0.14 0.86 1.00 1.26 
0 — 0.0 0.14 0.14 0.27 


| 


Table the computed and actual variations have been com- 
pared. seen that the range combined upward and down- 


ward variations agrees closely could expected with the range 


computed from the normal law error. The variations upward and 


downward, taken separately, are not equal. other words, have 
deal with what called skew curve probability paper. Both 
ends this skew curve seem nearly straight, with connect- 
ing curve. drawing the curves for Figs. 21, inclusive, the 
ratios Table 12, obtained from the line Fig. 29, were used. 
Straight lines were used connect these points. special signifi- 
cance attached these figures. Other figures, differing, more 
less, from them, would found from other similar data. The im- 
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portant point that data this kind plotted probability paper 
are close line which direct and nearly straight the ends, 
and when points are thus plotted and line drawn represent 
them, the graphical method herein used, will represent the data 
and the probability recurrence certain values with much 
accuracy can now expected. 


TABLE 12. 


Percentage of results smaller than Actual variation, in terms of the 
limit. standard variation. 


Much more numerous data, covering many times longer periods, 


would required settle finally whether the law error, used 
this way, strictly applicable long-term records. 

clear that, using the normal law error graphical way, 
with probability paper, eliminates errors growing out the unequal 
variation above and below the mean, which would result from con- 
sideration the data arithmetical methods. 

Although the evidence hand not conclusive that the method 
used rigorously applicable longer terms, and from the nature 
the case cannot be, may stated that, far the data 
go, the agreement satisfactory, and the basis may accepted 
representing the conditions likely occur during long term 
years with smaller probable error than would result any other 
procedure now available. 


The discussion thus far has related the storage required equal- 
ize the flow during the months and days any one year. With the 
eastern streams investigated, the annual flow will fall 75% less, 
the mean annual flow, once years, average, and 
55% the normal, less, once 100 years. With western streams, 
the range greater. possible, storage, use more water 
all times than flows dry year, but this necessary 
carry water over from wet years make available dry ones. 


1 — 1.88 
20 — 0.88 
50 — 0.10 
99 + 2.50 
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the following paragraphs “annual flow” means the average 
observations ‘during period one year, stated either millions 
gallons per day, cubic feet per second per square mile, 
fraction the mean annual flow. “Mean annual flow” the average 
the annual flows for the whole record period. 

Plate XXXVI are plotted the relative annual flows fourteen 
streams, the records which have been combined into single 
series 800 years. the mean annual flows for the several streams 
are different, the figures for each have been taken the ratio 
the annual flow for each year the mean annual flow for that stream. 

The coefficient variation for the annual flows has been com- 
puted separately for each stream, and the figures are entered the 
top the diagram. The records the several streams are placed 
the order the coefficients variation, beginning with the Hudson, 
which has the lowest, and ending with the South Fork the South 
Platte, which has the highest. 

obvious that the storage required balance annual fluctu- 
ations flow will increase with the coefficient variation for the 


mean annual flows. not unlikely that the coefficient variation 
may basis for measuring the storage such way that 
the results will general, and will apply equally all the streams 
within the range covered this study. 


believed that the top part the area included the 
curve flow, plotted the lower portion the diagram, Plate 
XXXVI, which taken broad enough cover all the variations 
that occur, the only part that needs consideration; and that the 
lower part, below the minimum annual flow, goes forward, any 
event, with regularity through all years, and requires storage 
maintain from year year. Increasing decreasing the quantity 
this constant lower part has practically the effect decreasing 
increasing the coefficient variation, but without effect 
the standard variation. With this condition mind, the unit 
storage was selected the standard variation annual flow, This 
obtained directly from the records annual flows, otherwise 
multiplying the mean annual flow the coefficient 

The rate draft must also expressed form which the 
coefficient variation will element. The method selected was 


> 
) 
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compute the storage required for drafts equal the mean annual 
flow, less certain part “standard variation”. These may 
represented conveniently the formula: 


Method Calculating Annual Storage.—The calculation carried 
out assuming indefinitely large reservoir, full the beginning 
the record period, with constant assumed rate draft from it, 
and finding the depletion, any, the end the first year, with 
the flows occurring shown the records, and the end the 
second year, and every year for the whole period. carrying this 
out, monthly flows are disregarded; only mean annual flows are taken 
into account. 

The rate draft corresponding the mean annual flow less 0.4, 
0.6, 0.8, 1.0, 1.2, and 1.5 standard variation annual flow, and also 
the value one unit storage, for each stream sepa- 
rately, and these are used examining the terms the series derived 
from the record that stream. The required storage, that say, 
the computed depletion indefinitely large reservoir the end 
each year, then stated units storage. When deficiency 
storage indicated the end any the subdivisions the 
whole series corresponding the records one stream, carried 
forward into the record the following stream until the reservoir 
would have refilled. 

The quantities storage, computed this way for each year 
the 300-year series for each the six assumed relative rates draft, 
are shown graphically Plate XXXVI. This plotting gives good 
idea periods and the relative quantities depletion the 
several rates draft different parts the whole series, but 
too small scale used basis further calculation, and 
the actual figures from which was made are used for that purpose. 

interesting note that the dry periods the Sudbury and 
the Croton River, when computed this way, show substantially 
equal quantities depletion, but that the Wachusett and Pequannock 
records, taken together, show period depletion fully equal 
these, and the Gunpowder and South Platte records, taken together, 
depletion only slightly less, thus indicating, far these data 
go, that storages great relatively those required the dry 
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times about 1880 for the Croton and Sudbury may expected 
recur from time time other streams. 

The plottings also indicate that the method bringing the co- 
variation into the calculation has practically accomplished 
the desired purpose arranging all the records that the computed 
number storage units not differ, least not differ widely, 
for streams having high coefficients variation, and for those having 
low ones. other words, the depletion for the various relative drafts 
about high one end the diagram the other. the 
adjustments were not fairly well made, there would excess 
storage indicated one the ends. 

Plate are plotted, for each the six rates draft, the 
figures representing the cumulative number the 
end each the 300 years, many them show depletion, 
arranged the order their magnitude, and lines have been drawn 
represent, nearly possible, the normals for each This 
plotting made probability paper. The lines drawn represent 
the data are straight, and the deviations individual points from 
them are small. From this diagram the values Table are taken. 


Relative rate 80% 90% 95% 98% 99% 
draft. dry year. dry year. dry year. dry year. dry year. 
1—0.4C 1.40 2.01 2.52 8.10 3.48 
1+ 0.60 0.75 1.21 1.59 2.02 2.31 
1 — 0.8C 0.30 0.65 0.95 1.28 1.49 
1—1.0C 0.04 0.31 0.55 0.81 0.97 
1— 1.2C ove 0.07 0.27 0.47 0.62 
1—1.5C 0.00 0.19 0. 


| 
| 
| 
| 


Table the coefficient variation mean annual flow has 
been determined from certain other streams for which run-off records 
are available, for the purpose getting somewhat broader basis 
for forming judgment the probable coefficient variation for 
other streams. effort has been made secure completeness 
this table, which has only been extended cover certain data readily 
available, mostly from records the Geological Survey. 

Final Arrangement Annual data Table 
have been replotted Fig. 30, lines being drawn for years each 
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the five degrees dryness used the calculation, showing the 
tities annual depletion anticipated, plotted base the 
relative rates draft. This diagram can used conveniently 
computing the probable annual storage required for given stream, 


TABLE 14. 


Catchment Years Coefficient 


in record of variation 


in annual 
period. flow. 


Kennebec River, Waterville, 
Androscoggin River, Rumford Falls, Me. 
Cobbossecontec Pond, Gardiner, Me.. 
Mystic Lake, Mass 

Connecticut River, Hartford, Conn 


Ocmulgee River, Macon, 
Savannah River, Augusta, Ga 

Ohio River, Wheeling, W. Vu. 
Tennessee River, Chattanooga, Tenn 
Kansas River, Lawrence, Kans 


Republican River, Junction, Kans. 
Arkansas River, Gafion, Colo. 

Rio Grande, Del Norte, Colo 

Bear River, Collinston, Utah 
Provo, Provo Cafion, Utah 


Mill Creek, Salt Lake City, Utah 

Parley’s Creek, Salt Lake dit 7 

City Creek, Salt Lake City, 

Humboldt River, Elko, Nev 

Tuolumne River, La Grange, Colo. 

Columbia River, Dalles, Ore 

Willamette River, Albany, Ore 


may noted that the expression, “95% dry year”, used 
does not refer any particular year. Its use means that, with given 
rate draft and unlimited storage, there would probably years 
100 when the depletion storage would exceed the limit shown. 

probable that more the years would follow consecu- 
tively one period several years low average flow. 


now possible construct diagram showing the storage re- 
quired maintain various rates draft for years different degrees 
dryness for stream for which the mean annual flow, the 
cient variation annual flows, and the ground-water storage are 
known. Fig. shows the Croton data arranged this way, and 


Stream. in uare 
he omens 2 220 17 
Passaic River, Dundee Dam 822 
Ba Susquehanna River, Harrisburg, Pa.................. 24 000 20 
ie Potomac River, Point of Rocks, Md.................. 9 650 15 
4 7 204 17 
23 800 22 
22 418 21 
6 000 11 
16 
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Fig. shows the Sudbury data. Table shows the method which 
the figures from which the diagrams are made were obtained. 


TABLE 15.—Croton 


Mean annual flow, sq. mile land area, 1137 000 gal. daily. 
Coefficient variation mean annual flows, 0.239. 


Constant deduction for ground-water storage, Croton River, 
Storage unit, 1137000 365 0.239 gal. 


land 

1 028 000 0.904 
973 000 0.856 
918 000 0.808 
866 000 0.761 
811 000 0.718 
729 000 0.641 
650 000 0.572 
600 000 0.528 
500 000 0.440 
400 000 0.35: 

0. 
0. 


MONTHLY AND DAILY 


STORAGE. 

283 210 216 1—0.4C 
227 204 98 1— 0.6C; 
2 197 181 1—0.8C) 
213 190 164 1—1.0C 
206 183 148 1—1.2C 
193 170 124 1—1.5¢ 
181 158 108 
133 110 
109 86 26 geete 


ANNUAL STORAGE. 


Millions of 
gallons per 
square mile 
of land area. 


Total 
storage 


required. 


Using the diagram, Fig. 33, the construction which will ex- 
plained subsequently, the foregoing more easily made, 
with the same results, shown Table 16. 


TABLE 16. 
Draft, in Days’ total 
millions Draft divided Days’ storage, Days’ storage, storage 
gallons per day less for required 
per square mile mean flow. storage natural storage. square mile 
land area. land 
1.028 0.904 478 468 
0.973 0.856 385 362 35% 
0.918 0.808 322 299 274 
0.866 0.761 278 255 221 
0.811 0.713 240 217 176 
0.729 0.641 195 172 125 
0.650 0.572 182 159 108 
0.600 0.528 178 150 90 
0.500 0.440 14 131 66 
0.400 0.352 138 110 
0.300 0.264 109 86 26 


te 


per 
2.52 251 467 
1.59 158 856 
0.95 276 
0.55 219 
0.27 175 
0.00 124 

| 


The second set, 


ANNUAL STORAGES 
The allowances for annual 


= Portion of mean flow used. 


Draft=(1-k x Coef. of variation) 


Fic. 30. 


Values of 


Figs. two sets lines have been drawn. The first 


are solid, and represent. from the normal storage curve 
with deduction the constant found for that stream, which for the 


Croton days and for the Sudbury, 


N 


storage were made, all cases, from the figures Table 18. Where the 
two sets lines were practically the same position, the dotted one was 
not drawn. For both the Sudbury and Croton, for the higher rates 
draft, which are practically the most important ones, the annual storage 


dotted lines, and the figures from which they are plotted, were scaled 
other words, they are derived solely from the records the stream 


from Figs. and 19, with the addition days for daily storage. 
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itself, and the normal diagram not used. 
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dominates, and makes appreciable difference which the two 
methods For the lower rates draft, there are 
deviations. the Croton these deviations are small; the Sudbury 
they are greater. the latter the lines showing the actual records for 
years different degrees dryness are somewhat closer one another 
than those deduced from the normal diagram, and with the Croton 
they are farther apart. 

matter debate whether the lines obtained from the normal 
storage curve, from the records the stream itself, best represent 
the conditions particular stream. the Croton, with its longer 
record, makes but little difference. the Sudbury, with shorter 
record, the divergencies are The writer feels that the lines 
obtained from the normal storage curve are more reliable than those 
from this relatively short-record period. 

Critical point the storage curve which marks the 
beginning the use storage carry water over from one year 
another characterized well-marked angle. many the 
phenomena storage differ somewhat, below and above this point, 
will convenient give this angle name, and will called 
the “critical point”. 

The values for storage found and used Messrs. FitzGerald, 
Stearns, and Freeman, and stated their several publications, are 
plotted these diagrams for comparison with those this 
time. general way, for values below the critical point, they cor- 
respond the 98% dry year; above that point they correspond the 
95% dry year. other words, they represent conditions which would 
expected recur not oftener than once years and years, 
respectively. 

There particularly interesting case connection with the 
Croton, where the storage, first computed Mr. Freeman, for drafts 
and gal. per day per sq. mile, gave results which, 
plotted Fig. 31, come between the and 95% years. Mr. 
Freeman showed, analysis the conditions, that extra- 
ordinary rain occurred the middle what was otherwise the dryest 


period. considered that there was certainty like rains 
occurring coincidently with other similarly dry periods, and made 
certain allowances the basis that the quantity rain that actually 
fell might have been less. concluded that certain larger values 
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should used estimating storage requirements. His revised data, 
plotted Fig. 31, fall but little below the estimate for 98% year, 
except that for draft 800000 gal. per day sq. mile, which 
near the 95% dry year line. 

comparison the whole curve indicates the desirability the 
corrections that Mr. Freeman made, and suggests that they might have 
been extended with advantage the computed storage for draft 
800 000 gal. per day per sq. mile. this was not done, and 
happens near the point for which estimates were most frequently 
made Mr. Freeman’s work, the single exception the greatest 
importance. 

This incident, with recalculation which added 30% the storage 
considered necessary maintain the higher rates draft, addi- 
tion large that overshadows all allowances for evaporation, ground- 
water storage, and other secondary conditions, shows clearly that even 
30-year period, which was the length the Croton records the 
time this was made Mr. Freeman, entirely too short 
form adequate basis for estimating the annual and total storage 
required, shows the need broader base data for making 
such 

Practically speaking, the application the Croton data and the 
Sudbury data, the methods which have been most commonly used, 
and for relatively high rates draft, have corresponded nearly with 
the 95% dry year the method calculation now used. 

Some Questions Combining the Two Series 
may that the dryest year, from the standpoint storage required 
balance the daily and monthly fluctuations, will not also the 
dryest year from the standpoint the storage required balance 
annual fluctuations. other words, the greatest storage the two 
series may not strictly cumulative. 

examination the tables results shows that the periods 
dryest one series are always dry periods, not the dryest, the 
other, and the storages, therefore, are nearly, not absolutely, 
cumulative. 

may that would found (for example, data were avail- 


able make the full comparison) that, computing the combined 
storage for the 98% year, the storage required balance annual fluc- 
tuations for 98% the time should added the storage required 
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balance monthly fluctuations 90% the time, some 
other proportion per cent. the other hand, must kept 
mind that, the storage required balance annual 
fluctuations, the average flows for the years only have been 
considered, and, the data were examined more detail, periods 
365 consecutive days would found having lower mean flows than 
those any calendar year. far this condition exists, there would 
tendency require somewhat more storage than computed for 
the dryest years. Conditions this kind would tend round off the 
angle the critical point the storage curve. 

The results for cumulative storage Table for the various 
streams were examined see how far they would throw light this, 
and also the studies Messrs. Stearns, and Freeman, 
previously referred to. data are not numerous enough give 
clear-cut indication any tendencies that there may this 
point, and, the absence such indications, may considered 
that the two series storage results are, for practical purposes, cumu- 
lative, and that the results obtained adding one the other are 
accepted, 

Normal Diagram Stream Flow Combined with Cumulative Stor- 
now possible make diagram, combining the normal 
flow required balance the daily and monthly fluctuations shown 
Fig. with the cumulative storage required fluctuations 
annual flow represented Plate and Fig. 30. Such dia- 
gram, for 95% dry year, presented Fig. 33. shows the storage 
days’ flow required balance the daily and monthly fluctuations, 
being the same the 95% year line which have been 
added, for all rates draft above the respective critical points, the 
required annual storages for streams having coefficients variation 
annual flows ranging from 0.05 

The point critical storage for each condition indicated 
the divergence the line for that particular coefficient from the heavy 
diagonal base line which represents storage streams below their 
critical points. 


matter convenience, diagonal lines have been drawn 
this diagram, showing the ratios which the required storage bears 
the mean annual flows the streams. Other lines have been drawn, 
correspond with figures developed subsequent paragraph, 
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showing the points which the reservoir will probably less than 
full for periods and years, respectively, average 
20-year period. 

Fig. prepared the same way, but represents 98% dry 
year. Similar diagrams could prepared for anc 99% years, 
were desired. 

The correction for natural storage and other peculiarities the 
catchment area, shown for the streams for which data are available 
Table must deducted from the quantities storage taken from 
these diagrams. 

Figs. and afford the most convenient means estimating 
the size reservoir required maintain given rate draft, and, 
the other hand, estimating the probable draft that can main- 
tained from given catchment area and storage reservoir. 


APPLICATION FoR SEVERAL STREAMS. 


Fig. the foregoing data, arranged for 95% year, have been 
applied the records the eastern streams used this discussion, 
and the results have been reduced gallons per square mile land 
area flow and storage each case. This diagram shows, compact 
form, how the storages required different streams differ from each 
other; will found convenient for making estimates stream 
flow when the record particular stream used basis. 
The lines have been continued the upper end the point where, 
will shown subsequent section, the reservoir will probably 
remain less than full for years average 20-year period. 
relation between rainfall and run-off one that 
has been much discussed, and one that not taken this 
paper. may mentioned, however, that studies rainfall records 
indicate that the methods analysis herein proposed for run-off data 
are also applicable rainfall records.* The standard variation 
rainfall not very different from the standard variation run-off 
for the same area some cases, shown Table 17. 
now proposed. The late George Rafter, Am. Soc. suggested the application 
flow, and announced tbe intention to discuss in some future report the final theoretical 


question of methods of deducing a formula to enable one to take the rainfall and tempera- 


ture records long series years and deduce therefrom the probable yearly run-off 
stream, 
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Sudbury. Wachusett, 


Mean annual rainfall 


Mean annual run-off 24.0 * 22.9 24.0 


The agreement between these figures interesting, and suggests 
means forming idea the probable standard variation mean 
annual run-off from rainfall records cases where adequate stream 
gaugings are not available. 

the Shortage Years Dryer Than the Limit 
storage provided maintain the flow years out 20, the 
question must considered how much the available supply 
will fall below the nominal supply the twentieth year. The twen- 
tieth years will not alike their degrees dryness, and the short- 
age water will range from nothing the quantity indicated 
available for the same quantity storage the 99% year, and 
still lower quantities years that recur longer intervals than 100 
years. 

The water available the 98% year will very nearly equal 
the average quantity obtainable all the years dryer than the 
95% year. 

The data for eastern streams indicate that the supply 98% 
year will less than 95% year from per cent. The 
percentage shortage greatest with small storages and drafts, and 
least with the highest storages and drafts. 
(although not necessarily average) figure, may taken. 

There will years century with deficiency supply when 
95% year taken basis. Actual records not suffice 
show the shortages these years. many times longer than 
those available would required for this. Not having such records, 
seems probable that the normal law error will apply least 
approximately, and that probability paper may used for graphical 
solution this problem. Fig. the such calculation 
indicated. line drawn passing through 100% the 95% year, 
and 94% the 98% year, and this Values taken from 
indicate that the probable shortage the dry years century 


Standard variation annual run-off 5.7 4.8 
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will and 14%, respectively, averaging per cent. 
the 98% year taken basis, there will years century 
when the supply will short, and the shortage these years will 
8%, respectively, averaging per the 
99% year were used basis, there would years 1000 
with less than full supply, and the probable shortage for them, com- 
respectively, averaging per cent. 

These figures are taken representing the probabilities 
certain shortages water. expected that the years 
shortage, with high rates draft and storage, would groups 
such occurred the Croton and Sudbury “Rivers. the methods 
calculation used, the rate draft that could maintained 
given storage through such group dry years would taken 
applying each the dry years that group. result, 
would found that the years shortage, instead forming 
regular series, the figures just given for would occur 
certain number groups, for each which there would 
single rate shortage. This another illustration the 
fact that much more numerous data must had before the full 
series indicated the normal law error can filled out. The 
figures obtained such estimates must regarded the most 
probable ones the basis taken, from which there are certain 
deviations. 

result the foregoing study, appears that using the 
98% dry year basis does not mean that the shortage the 
dry year, when finally arrives, will materially less relatively 
with reference the standard than would the case with the 95% 
year the 90% year used basis, but does mean that the 
probability the such year any period smaller. 

The Effect Error Mean Annual mean annual 
run-off known only approximately, the accuracy being greater 
the records which based are longer. may important 
know how much reduction available capacity would suffered 
case the mean proved less than the quantity used the 
basis the calculation. 

With fixed quantity storage, the reduction available draft 


not proportion the reduction run-off; the percentage that 
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utilized becomes greater the run-off smaller. Below the 
critical storage, with fixed quantity storage, reduction 
mean annual run-off results about reduction the net avail- 
able supply. Above the critical storage, reduction the mean 
annual run-off reduces the net available supply about per cent. 
These figures will vary somewhat with different assumed conditions, 
but they are sufficiently closé for use considering the probable 
effect errors the mean flows that are used. 


study was made see whether the probable variations short- 
term averages followed the rules given the textbooks, and not, 
see how they vary from them. 

The probable error the average series random data is: 


Probable error one 


terms 

proposed see whether the figures representing mean annual 
flows stream for term years vary each number were 
drawn out bag containing numbers representing all the terms 
the series, whether they occur cycles such way 
modify short-term averages. 

test this point, the relative mean annual flows the Croton 
River and Neshaminy, and Perkiomen Creeks, were selected. 
Each has record years more, and the coefficients vari- 
ation are near together. All shorter-term records are excluded, and 
also the Gunpowder River, because its higher coefficient vari- 
ation. The coefficient variation the whole series 120 years 
0.235. 

The figures were first divided into sixty series years each. 
The sixty average results form new series, and the probable error 
one term ascertained. The same process was followed for 
other lengths period. 

The probable errors thus found were compared with those com- 
puted the formula just given. 


check the work, the number representing each term 
the 120-year series was written piece paper, these pieces 
paper were mixed and drawn and written down drawn, forming 
new series which the terms are identical with the terms the 
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first series, but which any tendency cycles presumably de- 
stroyed. This series was then divided, and the probable errors 
short-term averages were determined had been done the first 
place. 

The probable errors computed and found the seven series are 


given Table 18. 
TABLE 18. 


PROBABLE ERROR IN AVERAGE OF EACH SERIES. 
Number Number of 


of terms in each | 
series. series. As computed Series I, Series II, with the 
from formula. as occurred. numbers as drawn. 
120 15.9 15.9 15.9 
60 2 11.2 12.4 11.1 
40 3 9.2 10.0 | 9.7 
30 4 7.9 10.3 8.5 
24 5 7.1 8.0 5.6 
6.5 8.9 5.0 
15 8 5.6 7.6 5.0 
12 10 5.0 5.7 4.8 
10 12 4.6 4.3 4.3 
6 20 3.5 5.7 4.3 
2.9 8.0 2.8 
3 40 2.5 1.9 2.0 


The averages periods from years have probable errors 
averaging greater than those computed the 
shorter and longer terms the excess not more than per cent. 
The same figures drawn destroy cycles, such existed, yielded 
results differing from the calculated results often one direc- 
tion the other. The method calculation thus supported, 
and may accepted, except far modified the existence 
cycles the records. The figures indicate the presence of. cycles, 
and appreciable, although not large, influence from them the 
average accuracy short-term averages. 

Taking this influence into account, get average result for 
which the probable error will not exceed 10% with streams like those 
used basis for this study, 4-year record necessary. reduce 
the probable error 5%, 12-year record necessary, and reduce 
3%, 2%, and 1%, records 28, 63, and 250 years, respectively, 


are required. 
The probable errors the means for the eastern streams, for the 
records used this study, range from 2.1% for the Hudson 3.8% 


SS 
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for the Gunpowder. general, probable error for these data may 
assumed. 

the normal law error, the average error 18% greater 
than the probable error. Using the “probable error” the stand- 
ard comparison, the measure magnitude actual errors, and 
considering the law normal error, the following relations may 
stated: one chance that the actual error the 
mean flow will exceed the probable error; that is, the actual error 
likely one side the probable error the other. 
There one chance that the true mean series will less 
than the record mean that series quantity greater than the 
probable error. There one chance that will less than 
the record mean more than twice the probable error; one chance 
that less than the record mean more than three 
times the probable error; and one chance 286 that will less 
than the record mean more than four times the probable error. 
The chance that the true mean series will above (be greater 
than) the record mean given quantity the same the chance 


that will lie below (be less than) that same quantity, but the 
chance twice great that will lie either above below the 
given quantity. 


Probable Error Coefficient probable error 
the coefficient variation, determined short-term records, 
also matter importance, the coefficient variation plays part 
only second that the mean flow estimating the storage required 
for the larger drafts with the methods now proposed. 

computing the coefficient variation from short-term records, 
better divide the sum the squares the variations 
instead Otherwise, the values for the coefficient de- 
with the shortness the period. With longer records, the 
years, the difference essential. 

The average coefficient variation for the twenty-four 5-year 
periods previously described was found 0.219 occurred, and 
0.228 with the numbers drawn. These may compared with 0.236, 
found for the whole series. The probable error one 5-year deter- 
mination was found 19.8% and 23.5% drawn. 
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other words, the probable error the coefficient variation de- 
duced from one 5-year term about 20%, and occasionally the varia- 
tion will greatly exceed this. 

The average coefficients variation for the twelve 10-year periods 
were found 0.225 for the figures occurred, and 0.230 for the 
figures drawn, and the probable errors the coefficient deduced 
from one 10-year series were 12.2 and 16.0 drawn. 

The tendency the figures occurred run cycles may 
the reason for the lower variation such figures compared with 
the figures drawn. 

The probable error the coefficient variation for other periods 
may assumed vary inversely approximately the square root 
the length the period. The figures for the periods they 
are preferred those for periods drawn, and this basis 
17-year record necessary obtain figure with probable error 
10%, and 69-year record determine the coefficient variation 
with probable error per cent. 

The errors the coefficient variation the data deduced for 
the several streams discussed this time are thus probably within 
from 12% the truth. 

clear that short-term records must used with caution 
determining the coefficient variation, and longer records 
other streams, more less similar the one under discussion, may 
often give better indication the probable value this coefficient 
than short-term records the stream 

error the coefficient variation the mean annual flow 
stream does not affect the required storage below the critical 
point. Above this point the effect can best seen Fig 33. For 
example, appears that, with given storage, about more water 
available when the coefficient variation 0.20 than when 
0.25, all other conditions being equal. 

Tabular Statement Data and the Errors 
For convenience, the principal data with reference the several 
streams are brought together Table 19. The probable error the 
mean flow and the probable error the coefficient variation, com- 
puted the methods previously indicated, are shown percentages 


the total. The probable error the deduction days’ storage, be- 
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cause natural storage, given days, and found the 


formula: 0.674 standard variation days 
t= 


The standard variation taken the value when about half the 
mean flow utilized. 


TABLE Data. 


Number Mean annual Coefficient Days 
Stream flow, millions variation deducted from 
square mile daily flow. diagram, 
Bear Creek....... 0.188 9.5% 0.471 12.5% 64+ 
Hudson *.......... 24 1.1385 + 2.1% 0.156 + 8.5% W+ 4 
Manhan........... 14 1.317 + 3.5% 0.196 + 11.1% 3+ 8 
Merrimac*........ 24 1.020 + 3.6% 0.259 + 8.5% 66+ 4 
Perkiomen........ 25 1.080 + 3.0% 0.221 + 8.38% 3a 5 


*No allowance made for water area, 


Probable Error Computed Quantity Supply, from Short-Term 
Records.—The errors resulting from errors mean flow and from 


errors coefficient variation are not cumulative, because these 


phenomena are closely related, and the existence tendency 
short-term cycles element the results. 

determine the probable error results obtained from. short- 
term averages, the figures for each the 5-year terms and the 10-year 
terms the above mentioned series, were used basis for estimating 
the maintainable yield, with storage equal 60% the mean 
annual flow for the whole term. The relative results would obviously 
depend somewhat the quantity storage assumed. Only one 
storage figure was used, however, this being selected represent 
reasonably complete development. 

making these estimates, allowances for ground-water and evapor- 
ation were omitted, they would nearly the same for each series, 
and comparative results they are not important. The yield from 
this storage, computed from the coefficient variation for the whole 
series, 78% the mean flow. For twenty-four 5-year periods, each 


be 
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considered itself, the average computed run-off was 78%, with 
probable error 6.4 per One 5-year period (Croton, 1898-1902) 
indicated maintainable yield 22% above the average, and the differ- 
ence was more than three times the probable error.- this were used 
basis for estimating the yield the Croton River, the actual 
yield would less than per cent. 

The twelve 10-year series give general average 78.3% and 
probable error for one series 5.1 per cent. One term (Croton, 1898- 
1907) indicated maintainable yield above the mean, the differ- 
ence being two and one-half times the probable error. The probable 
errors are shown Table 20. 

TABLE 20. 


one 
5-year term. 


In one 
10-year term. 


Probable error mean 8.0% 5.7% 
Probable error coefficient 19.8% 12.2% 
Probable error available yield, with fixed storage. 

remaining the same each series, and equal 0.6 

the mean flow for the whole termi............se+seeeee« 6.4% 5.1% 


summary the entire study, may said that the probable 
error the calculated maintainable yield eastern stream, above 
the critical point, for conditions like those the streams investigated, 
would little less than the probable error the mean flow, and, 


for 10-year records and greater, may represented approximately 
the formula: 


0.55 coefficient variation 


must remembered there one chance that the true 
result will less than the quantity computed short-term record 
more than the probable error; one chance that will less 
more than twice the probable error, and one chance that 
will less more than three times the probable error.. The Croton 
records for 1898-1902 may cited indicating deviation. from the 
45-year mean equal more than three times the probable error for 
one 5-year period. Such errors may practically guarded against 
many cases the fact that short-term record giving such 
unusually high mean, compared with the true mean, would 
certain period which the rainfall and run-off were much 
above the normal that the excess would have attracted attention. 


ww 
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The variations flow different areas are such that errors 
the probable error and somewhat above might easily escape de- 
tection this but, with errors two times great 
the probable error one short-term series, the cases would rare 
when some local evidence unusual could not obtained 
careful inquiry that would serve warning against placing too 
much dependence the short-term average. 


Run-Orr. 


Plate XXXVIII are shown the relative annual yields the 
several eastern streams for each year, and also the required quantities 
monthly storage maintain drafts 400 000, 600 000, and 800 000 
gal. per sq. mile land area from each stream. 

This diagram shows that. periods wet weather and dry weather 
extended generally over the area occupied. these streams, that 
general way, the fluctuations are somewhat similar, 

Wide local differences are shown, and these are much wider some 
years than others. Generally, the fluctuations above the mean are 
greater magnitude and shorter duration than those below the 
mean. One year, 1889, was notably wetter than any other covered 
the records. 

Only the Sudbury and Croton records back the dry period 
the early Eighties, and they not indicate the recurrence other 
years dry. However, there are some years, notably 1895 and 1900, 
and 1908, 1909, and 1910, when the required some 
the streams was great, nearly great, for some the drafts, 
was the case 1880 and 1883 for the Sudbury and Croton. 

The general impression obtained from inspection the diagram 
that there are cycles, and that median line annual yields will 


found have high point 1878, swinging down low point 
1882, summit 1889, low point 1895, summit 1903 and 
another low point 1910, indicating, general way, cycles with 
periods from years, but with some minor summits and low 
points, which, taken into account, would shorten the average period. 


Long-Term Cycles direct experimental 
evidence sufficient serve basis investigating the existence 
and magnitude long-time cycles. There are some indirect data, 
especially from rainfall records. The relation between rainfall and 
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run-off not exact, but the demonstration cycles rainfall 
records may taken evidence the existence like cycles 
run-off records, although the percentage variation would not ex- 
pected the same. 

Vermeule* gives summary long-term rainfall data the 
United States, and states: 


careful study these long series shows strong 
cycles high and low precipitation. are likely have period 
years high average rainfall, followed low period. see 
once that, under these conditions, differences shown comparing 
series eight ten years’ length one station with fifty 
sixty-year series another, may entirely differences time and 
not place.” 


chart the same place shows the secular changes annual 
rainfall. the Philadelphia record, years there are eight 
well-defined summits, indicating complete cycle every years. The 
summits are not the same magnitude, but indicate gradual 
progressive increase about 1868, followed subsequent 
decrease. 

Arthur Am. Soc. E., states: 


“It interesting note that the average precipitation year 
periods rose steadily from 1832 between 1880 and 1890; since 
which time the average has begun decrease. While should 
not attach too much significance this, the fact remains that 
ever have continuous years with low average precipitation 
fell during the years previous 1840, good many water sup- 
plies the state will have enlarged. 

“These differences rainfall are clearly marked that will 
show this comparison the form the following table and diagram 


New 
LOWELL. | PROVIDENCE. Boston, oF 

Inches. Inches. Inches Inches. Inches 
9 Years, 1832-1840..... 87.98 36.87 44.27 41.02 40.08 
et hee 1841 1850..... 40.27 41,21 44.94 42.88 42.32 
_. 1851-1860..... 44.14 43.73 44.76 50.09 45.68 
1861-1870..... 45.98 47.56 46.27 57.24 49.25 
_ 1871-1880..... 45.24 47.84 46.88 50.26 47.55 
1881-1890 46.47 49.07 48.69 48.48 48.18 

45.46 46.63 


10° 44.46 48.89 


Geological Survey New Jersey, Vol. ITI, 1894, 12. 
Report Fall River Water Supply, July, 1902. 
The diagram not 


PLATE 
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DIAGRAM ILLUSTRATING CYCLES FLOW AND 
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Turneaure and Russell* state: 
“The question gradual change the yearly rainfall one 
the solution which would doubtless require several 
centuries. The rainfall for particular locality may average con- 
siderably below the mean for many years, after which may follow, 
perhaps, equally long period surplus. analysis several 
records extending over many years was found that during 83- 
year period New Bedford, Massachusetts, the averages for 10-year 
periods were high per cent. above the mean and per cent. 
below; for 60-year periods the extremes were, St. Louis, per 
cent. and per cent., and Cincinnati, per cent. and per 
cent. For 25-year period the extreme variations were per cent. 
for both New Bedford and St. From this seen that 
establish reliable mean requires record extending over long 


period time. 
“The variations cycles above referred to, that extend over several 


years, are some cases very marked, but they are very erratic and 
yet quite incapable being predicted.” 

They also present which the fluctuations averages 
precipitation records certain localities are given. the curve 
representing New England there are six clearly marked summits the 
period years, one every years. 

line showing Ohio Valley stations has eight summits 
period years, average one every years, and the fluctu- 
ations not correspond point time with those New England. 
The progressive change the general average also does not corre- 
spond. The total variation less than New England where 
there was first summit about above the average 1848. The 
line then falls about below the average 1872, and second 
summit above the average was reached 1885. 

line for the middle Mississippi Valley shows five summits 
period years, or, average, one every years. 

Taking all these data together, there indication the existence 
‘cycles with average periods from years, and with 
ordinary variation rainfall from 12% above 10% 
below the mean, the general swing the curve, and without 
going the extremes years. There also indication 
much longer cycle with range not more than above 
and below the average, and with period years. 


Public Water Supplies”, 41. 
Bulletin 
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Undoubtedly, there may other longer cycles, with periods run- 
ning into centuries, but data are hand that could expected 
show them they exist. 


There well-grounded objection the use development 
large that the reservoir will less than full through considerable 
period years. When reservoir remains drawn down for long 
time, vegetation grows its shores, and much additional work must 
done, refills, prevent impairment the quality the 
water the subsequent decay the submerged vegetation. This 
may less important the future than has been the past, 
owing the increasing use methods treating and purifying 
water which will result the removal from deleterious substances 
resulting from such growths and decompositions. However, the mat- 
ter remains one considerable importance, and should not lost 
sight any study for complete development. 

data from which Plate XXXVI was prepared were 
used and the number years that the annual flow less than the 
responding draft and the number winters during which the reser- 
voir will not refill were counted and the percentages obtained. 

From the data referred above find for draft 0.40, 
years, during which the reservoir less than full. These are entered 
Column Table the order their occurrence and 
Column their order magnitude. 

the maximum period depletion computed for 100- 
year period, then the 252 years the will form 2.52 
such periods; and the first two terms Column and 0.52 the third 
term are added make the sum 32.7 years for depletion for 2.52 
such 100-year series. For one 100-year series the average maximum 


Qe 
oe. 


+04 


similar way, there are 8.4 terms years each, and the sum 
eight first terms and 0.4 the ninth term 87.2, and the average 
maximum term depletion each 30-year series, 10.4 years. Similar 
are made for years and for years. 


/ 
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TABLE 21. 
Figures in 7 n 
Number Column 2in |Average maximum number 
Column 

(1) (a) (3) (4) (6) 

1 3 15 

12 $2.7 + 2.52 = 18.0) 100 2.52 

7 9 9 

87.2+8.4 = 10.4 30 8.4 

8 7 

ll 3 7 

14 4 6 

15 8 5 

16 5 5 

17 7 4 

18 3 4 

19 6 4 

20 10 4 

21 7 8 

22 12 8 

23 8 3 

24 10 3 

165.6+ 2.2= 6.6 10 25.2 


Similar tables were made for all the other rates draft represented 
Plate XXXVI, and the values obtained plotted, from which smooth 
curves were drawn, and from these curves values the average maxi- 
mum periods depletion were found, shown Table 22. 


TABLE 


Percentage of years Percentage of Average maximum 
Relative rate that flow winters when the period depletion 
draft. less than the corre- reservoir will one 20-year 
sponding rate draft. not refill. period. 
1 0.6C 32 7 sed 
1— 0.8C 24 30 5 * 
1—1.0C 17 21 36 “ 
1—1.2C 10 12 Biles 
1—1.5C 3 1.5 


10-year period, the probable maximum period depletion 
about 30% shorter than 20-year period; and 100-year period, 
50% longer. 


| | | 
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using Table must borne mind that periods depletion 
long those stated will not occur every 20-year period. The 
figure given rather the average length the de- 
pletion expected each considerable number 20-year 
periods. 


TABLE SEVERAL STREAMS WITH THE STATED 


n 

of ed ON AN AVERAGE IN Eacu 20-YEAR 

Stream, os 

2s $ $3 2¢ 9 years | 5years | 3 years | 2 years 

Hudson......... 0.156 1.064 0.998 0.940 0.905 
Manhan......... 0.196 1.214 1.111 1.085 
Wachusett...... 4.16 1.186 1.044 0.952 
Pequannock .... 4.15 1,423 0.2138 1.801 1.182 1.090 1.080 
Perkiomen...... 0.00 1.080 0.221 0.985 0.890 0.818 0.770 
Neshaminy ..... 0.00 1.083 0.226 0.985 0.887 0.813 0.765 
Croton.......... 2.75 1.137 0.289 1.028 0.920 0.838 0.783 
Tohickon...... 0 1.310 0.251 1.178 1.048 0.949 0.882 
Sudbury ....... 3.08 1.085 0.253 0.975 0.865 0.782 0.727 
Merrimac....... 2.65 1.020* 0.259 0.914 0.809 0.78 0.677 
Gunpowder..... 0 0.911 0.808 0.800 0.687 0.602 0.546 


* Land and water area. 


FROM SURFACE AND THE ALLOWANCE 
THEREFOR. 


Notwithstanding the historic researches Mr. FitzGerald, evap- 
oration, and the data which have all since his 
results were published, the actual knowledge the quantity evapora- 
tion from water surfaces meager. Primarily, this because there 
certain way measuring the evaporation from actual reservoir. 
the best planned experiments, conditions differ rather widely from 
those water open reservoir. The quantity experimental 
data, also, not great continuous, and far from adequate for 
giving general idea the allowances that should made all over 
the country. 

FitzGerald’s experiments Chestnut Hill gave mean an- 
nual evaporation 39.1 in. 

the Lawrence Experiment Station, Massachusetts State Board 
Health, Mills, Hon. Am. Soe. E., found that the evapo- 
ration from water wooden tub, ft. diameter, through period 
years, averaged 29.2 in. 
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Experiments Fall River, Mass., reported Mr. Safford, 
tank ft. in. diameter and ft. high, coffer-dam, ob- 
served for years, with few winter months missing, indicated mean 
annual evaporation 38.7 in. 

Rochester, Y., Fisher, Am. Soc. E., found that 
the evaporation from water tub, floated the surface the 
Mount Hope Reservoir from 1891-1909, averaged per annum. 
similar tub land, with some results missing, indicated in. 
per annum more evaporation than from the floating tub. This wide 
divergence indicates the great difference results from slight change 
summer the water the tubs was warmer than the 
surface water the reservoir degrees. very likely that 
the actual evaporation from the reservoir less than indicated 
the records from the floating tub. When the difference between the 
conditions the best arranged exposure and those actual reser- 
voir are considered, too much weight must not attached even 
the best experimental results. 

Comparison Rainfall Records with Estimated Amount Evap- 


“Table Showing Relation Evaporation Rainfall. 


indicates excess rainfall; indicates deficiency. 


AVERAGE YEAR. Year or Low RAINFALL 


Excess Excess 
| 


rainfall. rainfall. 


Inches. Inches. Inches. Inches. Inches. 


*Report, Massachusetts State Board Health, 1890, 345, 


Month. 
January..... 
February.... 
August...... 
September... 
November... 
December 
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Mr. Stearns states: 

“It will seen from the facts presented that the monthly rainfall 
varies much less during the year than the evaporation; also that 
average year the rainfall 6.68 inches greater than the evaporation. 
The average year may divided into two periods, one extending from 
May September, inclusive, which the evaporation 8.77 inches 
greater than the rainfall; and the other extending from October 
April, inclusive, which the rainfall exceeds the evaporation 15.45 
inches. 

“In the year low rainfall the evaporation was 6.34 inches greater 
than the rainfall. During the warmer months, from April Septem- 
ber, inclusive, the excess evaporation was 15.22 inches, and during 
the other six months the rainfall was 8.88 inches excess the 
evaporation. These figures indicate that pond will not lower 
evaporation dry summer more than about fifteen inches, even 
receives water from its water-shed.” 

The following analysis presented the figures used Messrs. 
FitzGerald,* and The first two publications refer 
the Sudbury River, and the data used were the same. Mr. Stearns 
also used Mr. FitzGerald’s data evaporation basis for his 
culations. The only differences are the method applying the 
data. Mr. FitzGerald based his calculation the total area, in- 
cluding water, and Mr. Stearns reduced the figures for flow the 
outset basis land area, done this paper. using Mr. 
FitzGerald’s figures, they have been changed the necessary cal- 
culation make them comparable with the others. Mr. Free- 
man’s figures relate the River, and those finally reached 
are the shape diagram from which the values the following 
tables have been scaled, with such calculation necessary bring 
them the uniform basis. Mr. Freeman also used Mr. FitzGerald’s 
evaporation results basis for his allowances. 

All the figures the following tables, therefore, rest Mr. Fitz- 
Gerald’s work. They are interest showing the amount the 
corrections actually used, and they are also important because these 
tables and diagrams have been those that have been used most widely 
estimating the capacity other sources. 

The storage, millions gallons per square mile land area, 
computed for water area and for water area (6.38% the land 
area) are given Table 24. 


* Transactions, Am. Soc, C. E., Vol. XX VII, p. 258. 
Report, Massachusetts State Board Health, 1890, 
Report upon New York Water Supply, 1900, 


7 
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TABLE 


STEARNS. FREEMAN, 
Draft. RIver. River. RIVER. 


water.| water.| ence. | water.| water.’ ence. water.| water.| ence. 


100 
200 
400 


naam 


The figures under the headings “Difference” indicate the additional 
storage required compensate for loss evaporation with water 
area. These may conveniently stated terms the depth water 
over the area the water surface. The figures reduced this basis 
are given Table 25. 


TABLE 25. 


Excess STORAGE IN DEPTH OVER WATER AREA, IN INCHES. 


Draft, gallons per day. 
FitzGerald. 
Sudbury River. Sudbury River. River. 


All this work has been checked the writer independent 
which indicates the substantial accuracy the methods 
which are thus summarized. This was done mak- 
ing tables corrected flows for the Croton, Sudbury, and Wachusett 
records. The actual water area was taken into account for each 


month, the quantity rainfall and the quantity lost evapor- 
ation, using Mr. FitzGerald’s figures for all three sources. this 
way the calculated run-off was obtained for area with water 


per day. | | | | | 
100 
140 
199 
tie, 
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exposed evaporation. similar procedure, the quantity 
run-off was calculated from the assumption that there was 0.1 
mile water area for each square mile land. The storage required 
maintain certain drafts was then computed. These results are 
shown graphically Figs. 18, 19, and 20. The excess 
storage, expressed inches depth, for area having 0.1 sq. 
mile water area for sq. mile land area, compared with 
water area, was found practically the same for assumed drafts 
200000, 400000, 600000, and 800000 gal. per sq. mile. For the 
Croton, the average excess storage required years different degrees 
dryness was follows: 


6.7 Inches. 


8.6 


10.0 


The figures are two-thirds the maximum excess summer 
evaporation over rainfall for years the same degree dryness. The 
excess storage required the Wachusett Reservoir was slightly less 
than for the Croton, and the Sudbury slightly more. 
ences result from changes the distribution the rainfall much 
from variations the total quantity. would easy intro- 
duce refinements this and extend it, but the accuracy 
the data not warrant it. 

Independent Study Evaporation.—All the figures thus far 
given are based indirectly Mr. FitzGerald’s experiments. the 
case three the streams for which flow data are available, namely, 
the Croton and Sudbury Rivers and the Wachusett Reservoir, there 
has been increase water area during the period covered 
the records. the excess evaporation over rainfall this added 
water area was large, would expected that the records flow 
would show the influence this increase. investigate this mat- 
ter, each record was divided into two parts, the latter which 
each case represents larger percentage water area. The storages 
required maintain flows 100000 and 200000 gal. per sq. mile 
were taken, and the storage required maintain the flow the 95% 
year found for them. The results are shown Table 26. 


“ 
4 “ “ 
95% 
“ “ 
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TABLE 


Croton. Suppury. WACHUSETT. 


ist 2d 1st 2d 1st 2d 
series. | series, | series. | series. | series. | series. 


Length time, years 
Percentage of water 2.56 
Storage, millions gallons per square 
mile of land, required to maintain a flow 
0.1 million gallons per square mile 
Storage. in millions of gallons per square 
mile of land, required to maintain a flow 
0.2 million gallons per square mile 
land im 95% year............. 
Increase in water ove 


3.58 


Average .... 


Equivalent depth water over additional 
exposed area, in inches... i — 15.4 
Weighting factor........ 3 22 x 0.97 = 21 


Weighted average for all three, net loss, 1.4 


the basis the weighted average, net loss evaporation 
in. shown. The relative loss would obviously greater 
dryer year. Repeating the caleulation for the 98% year, the excess 
evaporation weighted average found in. This less 
than one-third the average quantity deduced the preceding 

the Sudbury records the second series clearly represented less 
dry time than the earlier series, and change this respect was more 
than enough offset any influence exerted evaporation the 
increased water surface. the same way, the second Wachusett series 
represents dryer period than the earlier one, and the effect evapo- 
ration probably less than indicated these figures. far 
these data go, they indicate that the allowances made by. Messrs. Fitz- 
Gerald, Stearns, and Freeman were least sufficient for these streams. 

amount this allowance, which relatively small 
these particular not matter the first importance 
calculating the storage these streams, would become greater with 
smaller rainfall with greater relative evaporation such must 
anticipated many places. the other hand, for some reservoirs, 


' 
2.23 5.85 
1.5 0 1.5 
8.2 2.4 9.4 
Increase Im. 0.0 —0.5 1.5 
6.7 
15 < 3.68 = 54 
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even the dryest years, the rainfall the water area will exceed the 
evaporation. 

the Method Applying the Allowance for Evaporation.—The 
whole process may conveniently divided into three parts. The first 
consists excluding the water area from the computation and 
reckoning the discharge the land area only. This was done 
the outset with most the data used this paper. 

The second consists finding the probable mean yield mean 
loss from the water area, and adding subtracting from the 
estimated run-off from the land area, thereby obtaining corrected 
estimate the mean annual flow from the whole area. may 
noted that the relative variation yield from water area greater 
than yield from land area. follows that, the water area 
increases, the coefficient variation the mean annual flow will 
increase. With large percentages water area, this matter 
that must taken into account. With only such variations 
are represented forming reservoirs for the development 
ordinary catchment areas, the change the coefficient will not 
large, and its effect may usually overlooked. 

The third step find which the evaporation will 
exceed the rainfall during the period depletion the reservoir 
dry year. The amount this excess, inches over the whole 
water area the reservoirs, represents quantity water which 
must added the calculated storage, order obtain the total 
required storage maintain given draft, or, the reverse calcula- 
tion, must deducted from the capacity reservoir before cal- 
culating the maintainable yield from it. 

the case the Croton, Sudbury, and Wachusett Reservoirs, 
the best available evidence, the amount this allowance should 
between and in. This considerably less than the maximum 
evaporation excess rainfall all the dry months dry year. 
This latter, from the best data, amounts about in. The allow- 
ance, therefore, from one-half two-thirds the maximum amount 
that reservoir without inflow outflow would lower dry year. 

The reason the allowance less than the full amount such 
lowering that the period depletion due draft water 
steady rate does not coincide with the period during which the evapo- 
ration greater than the rainfall. 


i 
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For other climatic conditions, apparent that the allowance 
would vary. will increase with the evaporation and will decrease 
with the rainfall, and will increase relatively with the length 
the period depletion. That say, with 
fluctuation rainfall, the correction for evaporation may greater 
than with well-distributed rainfall. 

For roughly approximate work, the writer suggests that the allow- 
ance for evaporation 95% dry year may estimated equal 
the mean annual evaporation, less two-thirds the mean annual 
rainfall. Such rule cannot regarded close, and probable 
that additional data will lead its modification. present infor- 
mation, the probable error involved its use will not very great, 
except the large and shallow reservoirs. 


TRIBUTARY. 


The ordinary condition storage reservoir main 
stream, that all the catchment area tributary it. frequently 
happens that the best reservoir site, the actual reservoir, 


branch stream where only part the catchment area tributary it, 
and the question arises how far the storage such tributary 
equivalent, nearly equivalent, storage the main stream. 
This matter was investigated Springfield connection with 
the Borden Brook Reservoir, which, first development, had only 


one-sixth the Little River catchment area tributary it. was 
also investigated Mr. Marsden and the late Richard Hazen, 
Jun. Am. E., graduation thesis the Thayer School 
Civil Engineering, 1909. 

stream, the point where the reservoir would certain fill 
the dryest winters. For streams the character those the 
East now under discussion, this represented about in. 
storage for the area back the reservoir. 

Additional investigation, however, has shown that larger reser- 
voir filled the years that precede the dryest year; that used 
maintaining the flow during the dryest year; and though may 
not refill the winter following the dryest year, that fact imma- 
terial because enough water will collected serve during the year 
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following the dryest year; and, the years that follow, the reservoir 
will refilled before another extremely dry year occurs. 

was found that with in. storage the main stream 
the greatest quantity which could counted refilled with 
certainty each winter, reservoir tributary holding in. from 
the area back it, 50% more than the maximum size that could 
refilled every winter with certainty, was practically serviceable 
equal volume storage the main stream. That say, 
given catchment area gal. storage tributary 
substantially useful 1000000000 gal. storage the main 
stream, the point where the area tributary the reservoir will 
suffice the dryest winters furnish two-thirds the capacity 
the reservoir. With larger reservoir, some further gain 
with increasing size, but diminishing ratio. 


the past the question has been mainly discussed the basis 
providing storage sufficient maintain the supply through 
period years dry those taken the limiting condition, 
usually those from 1879 1883. now have make 
estimate the probability the occurrence years various 
degrees dryness, and remains determine which shall 
Obviously, necessary provide storage sufficient maintain 
the supply dry years any that occur with considerable fre- 
equally obvious that will not ordinarily pay pro- 
vide storage maintain the full supply through year dry that 
will recur, say, only once 100 years. The chances are that 
supply now built will have passed through the whole period during 
which able maintain its intended service, and will have been 
reinforced with other supplies before the dry year for which 
built would 


has not been infrequent, American practice, for cities 
have somewhat less than full supply very dry years. some 
cases, where water being wasted, moderate shortage may 
blessing disguise, for brings about study conditions 
supply and stoppage waste, which advantageous the sys- 
tem. This proved the case with the recent dry period the 
New York City Works. such advantage results where the services 
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are all metered and leaks are reduced minimum, but, the 
other hand, there inconvenience and loss from shortage water. 
Nevertheless, possible, very dry year, cut off some uses 
water and reduce the output, and will better this 
long term years than spend additional money storage 
but seldom used. 

has been pointed out that, normally, the consumption water 
city steadily increasing, and that the supply available the 
reservoir fluctuates from year year with the rainfall. There only 
moderate probability very dry year occurring the same time 
that the city reaches the dry-weather capacity the source. 
other words, the supply designed that the full service can 
maintained years out 20, there only slight probability 
very dry year which cannot maintain the supply. will 
one of. the same years which the consumption has grown until 
has reached the full capacity the source. 

Another consideration that may taken into account cases 
where several systems are near each other the possibility buy- 
ing water from neighboring cities very dry year. Growth 
always anticipated greater less extent reservoir supplies, 
and other water-works structures, and the chance that all 
group cities would require the full quantity provided for each 
the same time small. Then there the chance getting tem- 
porary supplies inferior quality times great emergency. This 
more practicable the present time because the possibility 
disinfecting the water and reducing the danger infection. 

Impounding reservoirs are very stable structures, and subject 
but little depreciation. the average annual value capital 
invested them cities, and costs $100 per million gallons 
capacity build reservoir larger, will cost per annum for 
the chance using each million gallons extra water when 
needed. the storage sufficient maintain the service for 90% 
the years, there would chance selling the first additional 
water ten. this basis, the cost the water, when 
needed, would $50 per million gallons, one-half the cost per 
million gallons increased reservoir capacity. other words, 
the value the chance using the water the dryest year worth 


half the cost per million gallons building the reservoir larger. 
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the 90% dry year will logically used basis 
the value the chance using the water the dryest year 
equal the cost per million gallons building the reservoir larger, 
will pay build for the 95% dry year, and the chance using 
the water worth two and one-half times the cost per million gallons 
building the reservoir larger will pay the 98% dry year. 

There are matters which practically enter into the consideration 
this question and are not capable definite analysis. The be- 
ginning the dryest year long term, which, the basis 
mentioned, will result considerable shortage water the 
whole supply then needed, may not distinguished its early 
stages from ordinary dry year such recurs frequent inter- 
vals, and does not result shortage water. When the very 
dry year comes may computed that will possible main- 
tain supply equal 95% the normal supply. However, if, 
during the first half the period depletion, water drawn 
the full rate, will obviously possible draw water only 90% 
the full rate during the last half that period. the draft was 
continued the full rate for three-fourths the period, the water 
remaining would only suffice for 80% the normal output for the 
remainder. the extent the dry period could foreseen its 
beginning, would possible curtail the use the water 
the beginning the dry period, that great hardship would 
result; but, the matter curtailing use only taken after most 


the water the reservoir gone, there may serious shortage 


the end, avoid which large expenditures would justified. 

shortage this kind has far-reaching effect, and after 
there will tendency uneasiness the beginning other periods 
drought, even when shortage water would result. 

Such uneasiness may lead the expenditure large sums 
money for temporary supplies, built haste and not well adapted 
permanent service; and such supplies may not prove finally 
necessary, for the rains will have broken the drought before they are 
ready for service. Such emergency developments are unfortunate, 
and will worth while spend certain additional sum money 
secure increased storage prevent the chance needing them, 
even though the water thus provided may never required. 
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source supply being used the limit its proper capacity 
while water runs over the spillway nine years out ten, and espe- 
cially when there has been recent period water shortage. 

The matter evidently one that must considered broadly, and 
extreme view cannot maintained. The wisest course seems 
take middle basis estimate, such the 95% dry year, but 
recognize fully its position, and prepared intervals 
meet moderate shortage supply. 


The area the Croton water-shed 360.4 sq. miles, which 19.3 
are water and 341.1 are land. The estimated water area 
9.5 in. and from land area 24.0 in. For 19.3 sq. miles water the 
production water great 7.6 sq. miles land, and the 
whole catchment area produces much water 348.7 sq. miles 
land area. The total storage, including water held flash-boards, 
but excluding water the bottoms reservoirs not for 
supply, 104 billion gallons. From this allowance for evapora- 
tion equal in. depth over 19.3 sq. miles must deducted, equal 
2.7 billion gallons. The reservoirs, therefore, have net available 
storage 101300 million gallons, equal 290 million gallons per 
square mile area. line representing the storage drawn across 
Fig. 31, and the values Table are obtained. 
TABLE 


of dryness. gallons per square miie per day. gallons per day. 


356 


324 
312 


The calculation may made another way, using Figs, and 
34. The mean average run-off for the Croton River, 349 sq. miles 
equivalent land area, 1137000 gal. per sq. mile per day, 397 
million gallons daily, 1450 billion gallons per annum. The storage 
104 billion gallons. From this deduct evaporation equal in. 
depth over the water area, 2.7 billions, and add for natural storage 


ment 
of 
80% 1 020 
970 
95% 
98% 890 
99% 
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equal days’ supply assumed yield 320 million gallons 
per day, 7.4 billions, which makes the total net storage, and 
artificial, 108.7 billion gallons, the, mean. annual 
run-off. 

Referring Fig. and interpolating between the lines for the 
variation, which for the Croton River, found 


that 95% year 82.0% the mean annual run-off should 
utilized, which equal 326 million gallons per Fig. 
found that 98% year 78.2% the mean annual flow should 


utilized, equal 310 million gallons per day. These figures check 
those previously reached, and illustrate method computation 
that would moré frequently used. 

may also seen, from the position the point showing the 
quantity flow these diagrams, that the probable time 
that the reservoir will not fill 20-year period about 
years, being slightly greater for the larger the two drafts and 
slightly less for the smaller one. 

These figures mean that, assuming the exact accuracy the data 
and methods computation, with steady draft 326 million gallons 
per day, there will probably shortage during some part one 
year twenty. With like draft 310 million gallons per day the 
shortage may expected one year fifty, ete. The figures 
not that there only one chance that the supply will 
fall below 310 million gallons per day any given year. They 
not mean this because there are other sources error than those thus 
far taken into Thus there are errors the measurement 
water and the methods calculation. 


were required estimate the quantity water such that 
taking all these matters into account there will only one chance 
that the yield any given year will fall below it, ought 

The following suggested the general means procedure, and 
presented illustration and not with view attach importance 
the particular figures used. The foregoing figures are plotted 
probability paper Fig. 37, and the line extended crosses the 
50% line 390 million gallons per day, and this will taken 


‘ 


Diagram-showing supply corresponding to 


Yield, in Millions of Gallons Daily per Square Mile 
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Fig. 87. 
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the starting point for the calculation. crosses the 99% line 299 
million gallons per day. The difference between the 50% and the 
99% year the normal law error 3.45 times the probable error. 
The probable error one term, therefore, 26.4 
million gallons per day. This equal 6.78% 390 millions, the 
starting point the This figure may taken 
probable error one term the series annual available quantities, 
the assumption that there error the figure used for the 
mean annual flow the stream. 

The probable error the general average for the whole series, with 
0.239 0.674 
2.4 per cent. The probable error the calculated mean flow, the 


standard variation 0.239 and period years, 


storage being above the critical point, result this error, 0.8 
this, 1.9 per cent. 

may assumed that the probable error the measurement 
water 3%, and that there are errors calculations and methods 
amounting per These probable errors are not cumulative, 
but will probably offset each other part. The probable error 
the combination than the probable error any 
the parts, but will not equal the sum the probable errors 
the parts. Following the basic method ascertaining the standard 
variation and the probable error, may assumed that the probable 
error the combination equal the square root the sum 
the squares the separate probable errors. The probable error 
the combination calculated this way is: 

For the 99% year the error will 3.45 times the probable error, 


27.2 per cent. Deducting 27.2% from the starting point 390 
million gallons per day leaves 284 million gallons, and, the basis 


taken, should justified assuming that there only one 
chance 100 that the yield will fall below this quantity any given 
year. Other values are given Table 28. 

Taking the 95% year basis, there chance that there 
will shortage flow any given year with a-steady use 326 


million gallons per day, this being based the assumed accuracy 
all the data and the general average the whole term. If, addi- 


| 
q 
7 
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tion, insurance written against the the general 
average, measurements and the extent just in- 
dicated, then there would chance that the yield would fall 
below 315 million gallons per day any one year. Fig. shows 
these two lines plotted probability paper. 


TABLE 28. 
dryness year. probable error. variation. yield. 
80% 1.25 9.9 351 
1.90 15.0 
95% 2.44 19.8 315 
98% 8.05 24.1 296 
99% 8.45 27.2 284 


The upper line represents the most probable conditions, and this 
should used basis compare different catchment areas with 
each other and for similar studies. With longer record for any 
given area, there certain some change the position this 
line, and the chances are equal that will moved down. 

The lower line represents extra safe conservative assumptions, 
The probabilities are that when more data are available will found 
that the maintainable yield than indicated this line, or, 
what the same thing, stated the other way, maintain given 
yield the required storage will found less This 
line drawn the basis not taking chances and resolving all 
doubts against the probable supply water. seems that this second 
line may useful the discussion the subject. neglect 
consider fail take into account the full measure uncer- 
tainty that there really the first line. 

Which line should properly used basis for water supply 
project must matter judgment, and will not discussed 
this time. important point out the difference between the two 
bases and urge that shall not overlooked; and that, whichever 
line adopted, shall defined clearly that there can 
misunderstanding what meant. 


The study storage and maintainable flow streams involves 
two classes relations: those which are more less definite 
and fixed, and can analyzed definite processes; second, those 


> 
— 
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which rest conditions too understood and analyzed 
ordinary means procedure, 

The variations the second class follow, general way, the 
normal law error, although some well-defined deviations from 
have been found. 

This paper presents graphical method reaching approxi- 
mate solution the problem probabilities presented these varia- 
tions, and permits definite results obtained from the’ data 
stream flow and storage. These results are definite, although not 
exact. They may used with confidence within limits probable 
error, and these limits can determined. 

Arranging the data this way permits results obtained for 
years specified degrees dryness, and thus possible make 
studies more definite basis the first above defined class rela- 
tions. also, that the storage required maintain 
flow all times average year equal 50% the mean flow 
the determined, and this storage expressed terms 
days’ supply the assumed rate draft, then the increased num- 
ber days’ storage for higher rates draft are approximately con- 
stant for different streams; and, the other hand, the reduction 
the number days’ storage, with equal reductions the proportion- 
ate rates draft, are nearly the same for all streams. 

similar manner, the increase the days’ storage, year 
dry that only one year twenty dryer than it, greater than 
the storage required average year quantities which not 
differ widely for different streams. this way possible form 
normal inclusive storage for various rates draft and for 
years varying degrees dryness that will apply several streams. 
The actual storage required for any stream will usually less than 
the normal amount approximately constant for various 
rates draft and for various degrees dryness. this way 
possible find how the storage required for particular stream com- 
pares with the normal, and afterward form judgment of. the 
storage required for other rates draft and for years varying 
degrees dryness. Thus estimate may made which will 
more accurate than could obtained from the records one stream, 
however long continued. 
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has long been known that some streams the flow steady and 
others variable. This fact taken into this study, 
and figure used index the degree this variation. This 
figure, the Coefficient Variation, can obtained from the 
records flow any stream sufficient period, and, when 
obtained, used basis for comparing the data for that stream, 
and estimating the probable storage and other matters connection 
with relatively high rates draft. the use this Coefficient 
Variation has been found possible get approximate expression 
for the storage required carry the surplus water wet years over 
dry years, and put this such general terms that applies 
almost equally well eastern streams having the least variation 
their flows, and some western streams for which data were ex- 
amined having many times greater relative variations their flows. 

The records any one stream, even those for which the longest 
records are available, are too short establish with accuracy the 
probabilities the occurrence very dry years. The records all 
the streams used this study combined into single series, afford 
better basis for estimating the probabilities the occurrence 
very dry years than the records any one stream. writer 
believes that the basis deduced from the records all these streams 
safer one use than the records any stream now having 
available record, even when applied that particular stream. This 
especially true where relatively high storages and rates draft are 
considered. other words, the normal storage diagrams, applied 
with suitable allowances for local conditions, are believed afford 
more reliable basis for estimating the probable yield stream 
than can obtained any method now available from the records 
that stream alone. 

The methods herein described, therefore, should afford, not only 
means interpreting more accurately the data available for streams 
that have been gauged for long periods, but should make possible 
make better estimates the probable yields ‘streams which 
have not been gauged, have been gauged only for short periods, 
and the performance which must judged, for the most part, 
from records other streams similarly situated. 

The precision results reached may disappointing those 

who have made calculations run-off and storage carried several 
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decimal places. Such degree precision not inferred from 
any run-off records our disposal. 

The use the methods herein proposed makes possible esti- 
mate the probable errors the results reached; and frank recog- 


nition the large probable errors many the results cannot 
fail advantageous. 

The methods analysis herein proposed capable 
application other engineering problems, and their use will lead 
more accurate knowledge phenomena which contain large and 
unexplained elements variation. 
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DISCUSSION 


DISCUSSION 


Hiram Hon. Am. Soc. (by writer Mr. 
unable present make critical study this subject, but would 
like ask Mr. Hazen has sufficiently provided for the condition 
—observed many times New England rivers—that very small 
often followed by. second year small rainfall, which gives 
more trouble because following after ponds and ground-water were 
lowered 

Exceptionally, have the third very dry year, 1911, when 
storage reservoirs were generally empty, and very great anxiety was 
relieved moderate rain October and more November. This 
third year, course, would regard the exceptional year, when 
emergency supplies borrowing may have resorted to; but the 
writer not quite sure that the second very dry year—which often 
occurs—is provided for. 

entering into the problem the storage water for municipal water 
supply, the author mentions the following: 


mean annual run-off per square mile; 

3.—The portion water area and the loss evaporation from it; 

natural storage lakes, deposits sands, gravels, 
pervious materials; 

5.—The regularity annual flow. 


Having spent more than century the West, and having 
been more than half that time close student and observer water 
conditions the great southwest section the United States, the 
speaker welcomes any discussion storage problems, even though the 
data for the most part refer sections the country with conditions 
unlike those his own. Such discussions are valuable, although 
they may serve the sole purpose convincing engineers that the data 
for the East cannot applied the West, and that the man who 
does this brings disaster the enterprise and should bring 
himself. However, such discussions are valuable, whether 
for municipalities, irrigation, power. the Southwest, especially 
Texas, all these problems have considered, and sometimes 
happens that two, perhaps all three, storage problems may occur 
the same river. 

Two the elements entering into the problem, mentioned 
Mr. Hazen, can omitted Western Southwestern problems, 


Taylor. 
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namely, the water area the water-shed and the natural storage 
lakes. The three fundamental factors Texas are: 
1.—Area water-shed; 

2.—Regularity (or irregularity) flow; 


The area the water-shed can ascertained with reasonable 
degree accuracy, and the regularity flow can, general terms, 
local testimony—and about the only factor 
the problem where the testimony the oldest inhabitant worthy 
serious consideration. For accurate calculations, however, would 
necessary have hydrographs constructed from daily records 
flow, and these can only. obtained gauging stations established 
and maintained with unbroken records gauge readings and 
nual rating curves. The third factor, the run-off, is.the which 
the gravest error. Any attempt apply 
run-off data obtained one section the country locality 
stream another section likely result great damage, unless 
Providence kind. full the utmost danger, many wrecks 
the West will bear silent and bitter testimony. The regularity 
flow, the quantity daily flow, the mean monthly flow, the mean 
annual flow, and the run-off are data that can obtained only 
careful observations and measurements for the locality, station, and 
stream concerned. The run-off for the same stream, different 
stations along its course will found vary greatly. The speaker 
calls mind case where the run-off stream one point 
0.1 per sq. mile water-shed, and point mile above 
only 0.01 sec-ft. stream may course its way through coastal 
plain reasonably flat country, then enter canyon section where 
with torrential violence, and then again, its upper 
reaches, may enter into flat upland section, will found, and, 
fact, has been found, that the run-off and flow second-feet per 
square mile water-shed differ greatly. The problems the West 
are largely concerned with the rainfall, run-off, mean flow, and the 
necessary storage capacity equalize the flow equalize 
ciently for the municipality, irrigation project, power problem. 

Careful daily records and observations the Colorado River 
Texas, Austin, Tex., for the last years, have shown that the 
average mean flow for this period has been 1820 sec-ft. The water- 
shed 37000 sq. miles would give mean flow sec-ft. per 
mile. The lowest mean annual flow for this period was 
per sq. mile, and largest flow record, the time 
the Austin Dam failed, April 7th, 1900, amounted less than 
per sq. mile. The lowest flow record oceurred from August 
15th 20th, 1910, when the run-off was about sec-ft. per sq. mile. 


Mr. 
ach 
q 
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The mean annual rainfall the water-shed the Colorado above 
Austin for the period was practically in., but the mean flow for 
the period was only 1820 which equivalent run-off 
2.88%, 0.7 in. 

With these staggering facts available, was 
established neighboring territory, when, after unusual rains, the 
engineers awoke the fact that, using assumed run-off derived 
for other regions, they had omitted the most vital factor, and had, 
according their own admissions, over-estimated the possibilities 
the scheme large percentage. The money had been spent, the 
water-shed was there, and the rains came, but the run-off refused 
run with the vigor that was assumed display such occasions. 
The only plea defense that the engineers were misled, the 
the run-off the territory mentioned, 

large municipality authorized the construction impounding 
tion run-off 19%, and again there was failure come 
expectations. 

The run-off complex factor, depending topography, vegeta- 
tion, kinds soil (whether cultivated uncultivated), rainfall, dis- 
tribution rainfall time year and growth vegetation, 
and, what still more vital, the condition the soil the time 
the Personal observation has convinced the speaker that 2-in. 
rainfall hours may one time give run-off 25% and 
another time run-off whatever. 1910 there was the lowest 
flow the Colorado River Austin, but was not the year least 
rainfall, nor the year lowest mean annual flow. Each stream 
problem unto itself. experienced engineer will very slowly 
such matters. Like Davy Crockett, will sure right, and 
then ahead, and not, like many, “rush where angels 
tread.” 

The Colorado Texas has canyon section power section, 
municipal section, and irrigation section. present, due 
lack storage, neither the power section nor the irrigation section 
reliable revenue producer, the flow spasmodic and irregular. 
The construction storage reservoirs this river simple and en- 
tirely feasible problem, and would easy matter store about 
000 000 000 cu. ft.; and this, the dryest years, would give mini- 
mum flow 800 sec-ft., which, with the total head 240 ft. that 
could obtained the various dams, would give about 20000 h.p. 
Then, addition, this reliable and equalized flow would insure the 
irrigated rice crop 250 miles. below, near the coast. Altogether, the 
Colorado offers one the best problems for storage known. the 


Mr. 
Taylor. 
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speaker. Its records flow, area water-shed, run-off, dam sites, 
and the demand for power and for reliable flow for irrigation, have 
all been worked out, and there need assumptions any 
factor. 

The method suggested Mr. Hazen for rating the dry years 
safe, and would fit any section the country, because each river would 
writing its own biography. might sound little more comforting 
the people the West the percentages were given “wetness” 
instead “dryness”. The dryness feature obtruded them with 
sufficient emphasis already, because land 


“Where the prairie dog kneels, 
the back his heels, 
And silently prays for rain.” 


bids fair the starting point for much future consideration this 
hitherto intangible question the proper storage provided 
municipal impounding reservoirs. For this reason the writer wishes 
call attention factor which, although relatively minor im- 
portance, yet becomes worthy consideration when water-shed has 
been developed well toward the economic limit, as, for example, the 
Croton, 

allowing for evaporation well-developed water-shed, the 
area water surface should not strictly taken that with all the 
storage full, because such condition obtains generally for only few 
weeks during the year, and many years all. Moreover, the 
tendency for season when the evaporation from water 
surfaces small. The maximum evaporation occurs during the sum- 
mer, when, rule, the storage has been depleted and the water 
surface is, therefore, smaller. 

Opinions will probably differ what should taken 
average condition the reservoirs, but for present Croton conditions, 
least, probable that the water surface corresponding con- 
dition reservoirs two-thirds full would fair assumption. Cer- 
tainly should not less than one-half. 

The fact that the area water surface continually variable 
quantity has led the writer prefer stating catchment areas terms 
the total area, land plus water, rather than land area only, used 
the author. The correction for evaporation can apparently made 
readily one basis the other, and has always seemed the 
writer more convenient and logical use the gross area, and less 
likely confuse those who may have occasion make practical use 
the figures. 
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The author’s warning that actual records individual stream, Mr. 
taken without other data, are likely seriously mis- 
leading, even they cover considerable period, strongly exempli- 
fied the Croton record, where the average flow for the years from 
1869 1886 was 346000000 gal. daily, while for the next years, 

1887 1904, was 449 000 000 gal. daily. 


pleased with the results the investigation given the author. 
May, 1901, wrote paper this interesting subject for the Amer- 
ican Water Works Association. This paper was intended only 
rough general guide aid the judgment engineers who were 
trouble. Since that time has been called repeatedly explain. 
Accordingly, gives the following specific case: 


Let average rainfall for the dryest years record. 


The average run-off 
g catch = -—— — —, 


in. 


Assume 


Then average catch per annum. 


400 000 gal. gal. per sq. mile continued for 
years 260 000 000 gal. per sq. mile. 

Where local experience indicates that takes 2.5 sq. miles 
water-shed furnish 1000 000 gal. per day long dry spell, then 
260 2.5 650000 000 gal. storage, which necessary insure 
supply 1000000 gal. per day long dry spell. 

Referring Fig. 32, the writer pleased note practical cor- 
roboration this result. The Croton storage given 101 300 000 000 
gal., and the water-shed 360 sq. miles. makes storage 
290 000 000 gal; per sq. mile, for New York. The Spring Valley Reser- 
voirs, San Francisco, Cal., have 000 gal. storage for 
sq. miles water-shed, or, 000 gal. storage per sq. mile. 

Then, 290 
York. Why? Simply because San takes sq. miles. 
water-shed furnish 1000000 gal. per day, whereas New York 
only requires 1.5 sq. miles deliver that quantity. the New 
York case then, 260 1.5 390000000 gal. storage, and the San 
Francisco case 260 1300000 000 gal. storage. 


has done the design probability paper unique, and, with easily 
obtainable information the meaning lines drawn re- 


3.45 times much storage required New 
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lation probability formulas, device should almost 
much value engineers the well-known logarithmic paper. 

The writer believes that the work Mr. Hazen has done applying 
the theory probabilities the data annual stream flow and re- 
quired storage, material engineering science. Mr. 
Hazen has shown conclusively, the writer’s opinion, that the methods 
computation followed utilizing the theories probability 
are applicable water problems. The the solution must 
what normally called that inverse probability the breaking 
the probability curve found from actual data any case (such 
that prepared Mr. Hazen and shown Fig. 29) into several 
possible component probability curves. This work exactly 
parable with the analysis which now common with reference 
tidal and similar observations, which have been found follow com- 
pound harmonic relations, breaking this combination curve into 
the several simple ones which, when recombined, will pro- 
duce the actual result observed Nature. the case the harmonic 
curves, the tracing back the several simple harmonic functions 
their causes has been found relatively simple. similarly 
expected that, Mr. Hazen’s combination probability curve can 
analyzed into two more simple normal probability curves, com- 
bination with one more other simpler curves, the causes operating 
produce the latter can discovered, and further refinements can 
worked out the engineering water-works design, 

Several explanations the skew which Mr. Hazen found 
with regard to.run-off data, are possible. such explanation, which 
seems the writer more than possible that normal probability 
variation superposed upon condition which would produce 
periodic variation long range. Evidently, the data happened 
have been secured for years which range near the minimum 
fluctuation, the exact conditions, with reference data 
found Mr. Hazen, would reproduced. the paper. Mr. Hazen 
makes reference such periodic variations rainfall and run-off, and 
the writer’s idea that the skew nature the curve found him 
indicates, primarily, that the data not cover large enough range 
years entirely conclusive the deductions which drawn. 
the meantime Mr. Hazen’s work will represent the acme date. 


James Am. Soc. (by ingenious and 
unique methods analysis followed the production this remark- 
able paper, and the conclusions and results therein set forth, must 
the greatest interest all hydraulic engineers. 

the earlier days providing domestic water supplies from 
catchment areas, little attention was given relation between 
run-off and storage, with the result, naturally, that deficiencies gen- 
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erally the dryer After time these deficiencies Mr. 
ghe. 


led the empirical rules formulas: storage 
based low rainfalls, or, where run-off were the 
tentative and laborious methods tabulation. 

not until the early Eighties that Rippl, Docent the 
Royal ‘Technical High School Gratz (Styria), public his 
graphical method storage known the mass- 
curve method. originally given, this method was such 
report the water supply New York 
this report more convenient mass-curve method was shown, which 
single served rates draft, whereas, the original 
method, new curve had made for each rate. 

this mass-curve method and the other methods for 
storage, was generally sought caleulate from the rainfall 
flow records the: catchment area question, or, these 
were not available, from the rainfall records some 
other catchment area applicable, the storage required maintain 
certain drafts through the dryest period covered the records, and 
little any attention was given other important phases the 
question, outside evaporation, until Mr. 
Hazen’s paper. 

this exhaustive analysis, some new relative 
which were never brought into the question before, have been treated 
great length: these, the amplification the dry years and their 
the normal storage diagram, and the coefficient 
ation mentioned. For the latter, hydraulics under great 
obligations the: author, inasmuch must admitted that; 
the present seience gave yard-stick whatever which 

not only serve the purpose for which used the paper, is, 
for storage calculation; but will enable comparison made 
the variation streams, only one section territory, but all 
over the 

things, the area its catchment, inasmuch the greater this 
area, the less variation the stream likely have, perhaps the author 
some future time could expand this idea cover. the catchment 
area. This might not included terms the coefficient, but 
possibly some other way that when. comparing two any number 
streams, relative variation, their catchment areas 
brought into the comparison. 

the normal storage diagram developed, this, if. the 
writer understands correctly, not based the actual records 
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the flow any one particular stream, but artificial record formed 
the records the flow all the streams used the analysis, 
Such artificial record makes series covering period 300 years, 
thereabouts, and may open the objection’ suggested the 
author, that does not reflect any climatic changes which might 
the actual series, were not for the fact that such changes 
movements are such large scale time that any objection 
this kind may disregarded. 

The utility the normal storage diagram the fact 
that this method the storage required any stream, maintain 
certain draft, can determined more accurately than from the 
actual run-off records the stream itself, unless perhaps these records 
covered exceedingly long term years, many times longer than 
the longest now existence. This diagram method great advance- 
ment storage calculation, and very likely will used the 
standard method such calculations the future. Even were 
the case that actual run-off records could for storage 
this normal storage diagram would valuable check. 

very important point stated the author that the storage 
tributary, within certain limits useful that the main 
stream. This doubt true within the limits stated respect 
reasonably large storage, but true respect small storage 
where the capacity the reservoir and the draft thereon would 
such that the reservoir would empty and fill several times year 
several times the summer season? For instance, the capacity 
the Borden Brook Reservoir, the City Springfield, referred 
Mr. Hazen, was only 70000000 gal., would this reservoir, with 
its sq. miles catchment, efficient the intake reservoir 
the same capacity with its sq. miles assuming that 
the pipe line had discharging capacity 20000000 gal. per day? 

The writer has made test this, yet seems him 
that the intake reservoir would the more efficient, would 
possible for fill more often the summer season, because its 
larger catchment, than the Borden Brook Reservoir. 

Another point that should not overlooked, relative storage 
tributaries, the water that lost percolation and evaporation 
its course from the storage the main stream and intake, especially 
conveyed intermittently the old stream bed. 

Although considerable attention has been given the loss water 
evaporation from the surface reservoirs, seems that much 
less has been given the loss water percolation from reservoirs. 

When reservoir built and filled, the level the ground-water 
above the dam raised and, consequently, some extra storage capacity 
provided beyond the apparent capacity the reservoir, especially 
the ground surrounding the reservoir porous. 
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the dam, there any connection between this and the ground-water 
below the dam, the flow the latter, owing the higher head, must 
increased, and this increase will come fed from the reservoir. 
can argued, course, that, with the foundations dam resting 
impermeable material, percolation from the reservoir, under the 
dam least, might considered negligible. The writer would like 
get the views the author and others this matter, 
thinks that the loss water from the average reservoir through 
percolation more factor than supposed. this the ease, 
seems that, storage calculation, especially other phases 
the question are being closely analyzed, percolation should also 
considered. 

conclusion, the writer, under whose supervision the daily flow 
the Manhan River, furnished the author, was measured, and who 
naturally has been interested and has given some attention the 
matter stream flow and storage, considers this paper the most 
analysis that has ever been presented the subject. 
The author certainly deserves the thanks all hydraulic engineers 
for the exhaustive manner which has treated the subject and 
the new light which has thrown it, especially those phases 
which hitherto have been neglected. 


one “comes scoff and remains pray.” That, metaphorically 


speaking, the writer’s experience with Mr. Hazen’s paper. gen- 
eral, water storage required depends primarily the run-off (in- 
quantity and distribution throughout the year), and its esti- 
mation very dangerous and complex proceeding. The writer has 
seen such disastrous results from attempts apply run-off data and 
run-off relationships from precipitation obtained one section 
the country locality stream another section, often near-by, 
that Mr. Hazen’s paper was taken spirit impatience. 
many tragic wrecks are strewn throughout the Far West from this 
sort thing, that difficuit tolerant the elaborate methods 
constantly being suggested ingenious mathematically inclined en- 
gineers for “deducing” discharges ungauged streams. 
stances cited Mr. Taylor are very pertinent, and the writer knows 
that the particular cases mentions are presented fairly his dis- 
cussion, 

was largely matter luck, therefore, that the writer was led 
glance over Mr. Hazen’s paper sufficient detail, before throwing 
aside, discover that was not another and probably the most 
serious proposal yet made apply mathematical methods insufficient 
data endeavor use observed run-off data covering short period 


the other hand, because the ground-water being raised above 
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time, with view “expanding” them into records sufficient 
works the third decimal place. 

The paper, matter fact, totally different character. 
was read with very great interest and profit—also with very con- 
siderable difficulty, spite the fact that the writer, student, 
was given the method squares more fully than usual 
American technical institutions, and, addition, taught its 
applications engineering work his students for several years while 
charge engineering departments two the larger American 
universities. probable that most members the Society found 
still more difficult follow the argument. 

These two things are probably responsible for the little comment 
pertinent the paper itself which has been brought out. This 
small amount discussion greatly regretted, because the con- 
tribution, matter fact, most noteworthy, several ways. 
The method examining hydrographic data itself striking im- 
portance and interest, well the application graphical methods 
the theory probability, method least squares, more 
usually called. 

The title and the context show that the author considers only 
storage for municipal supplies, and limits his regions 
where hydrographic are similar those 
North Atlantic States. ‘of analysis, however, general 
one, and the writer will consider its application general 
work the Far West, where irrigation and power over- 
shadow municipal uses. From stich standpoint, some statements 
and methods treatment, although quite justified the paper 
presented, require modifications. The diseussion which follows 
has very largely with such features, and, whole, from that 
standpoint exclusively. 

unfortunate that the first paragraphs the paper were pre- 
sented just the form they were, because, the very outset, they 
give the reader—at least they gave the writer—an erroneous conception 
its 

“There undoubtedly definite relation between the storage pro- 
vided impounding reservoir any stream and the quantity 
‘water which can supplied continuously it. The 
however, complex one, and our knowledge its character 
limited. The following study made see how far may pos- 
sible separate this complex relation into parts, some them being 
such nature that they may studied separately with definite 
results, and afterward all the remaining variations the 
basis probabilities, using all data from number different 
and study them comparison with the normal law error. 
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“Among the elements that can separately are the 
following: 

“1. The size the catchment area. 

“2. The mean annual run-off per square mile. 

The portion water area the loss from 
it. This. relation complex one, and data for determining are 
less adequate than could desired. Nevertheless, some approxima- 
tions reached. 

The natural storage lakes, deposits sand and gravel 
and other pervious materials. Only approximate results for natural 
storage can reached, but these are found have great influence 
the required storage, especially relatively low rates draft, they 
must considered. 

Regularity annual flow. Some streams have comparatively 
regular flows; others the variation much greater. This difference 
regularity flow can taken into account finding coefficient 
determined from the record each stream, and bringing this into 
the statement such way that variations from the normal are 
terms the ‘standard. this way, records 
streams having more regular flows and those haying less regular flows 
may compared with reference other matters. 

“For the present, all remaining elements variations flow 
every description will thrown into one group and studied con- 
nection with the normal law error.” 

matter fact, not “all remaining elements variations 
flow every description” are studied connection with the normal 
law error, but, instead, all the essential elements stated 


under the head, “Data, Used,” page 1542: 


“The first step reduce existing data the land-area basis, 
and make tabular statement showing flow per square 
mile for each catchment area 
That say, start. with the observed run-off reduced 
uniform basis for comparative purposes, which, itself, involved 
the result all five elements specified the second paragraph, 
and great many Indeed, with the actually observed run-off 
once known for any considerable period, the size the catchment 
area ordinarily matter indifference; the mean annual run-off 
mile, otherwise stated, one summation many 
which can utilized; and the regularity the flow can once 
observed, computed terms standard variation, otherwise, 
The proportion the drainage area which water surface, the loss 
evaporation from it, and the natural storage lakes deposits 
sand and are important, but only primarily affecting cor- 
rections observed run-off data from several streams, order 
put them comparative basis. 

The essential thing, then, that the entire paper (and the method 
analysis which presents) concerns the study run-off data 
reduced common basis—regardless how such data may have 
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been collected—with the view estimating what may expected 
from dryer years years when excessively low flow will 
though undoubtedly true that the same method could used 
for examining precipitation data, and, the author 
points out that dry years may classified, with reference the 
quantity rainfall, the quantity run-off, the quantities 
storage required maintain certain drafts, nevertheless, far 
the author’s presentation whole concerned, actual adjusted 
run-off the only thing taken into account and analyzed. 

thus seen that the third paragraph such 
misleading, and may give quite wrong conception its subject- 
matter and add considerably the difficulty following the line 
thought. 

the author states, the first requisite for successful study 
probabilities run-off and storage capacities from run-off data, 
sufficient number facts. obtain these, the method actually 
used combine the records several streams reduced com- 
parable common basis, thus forming single series covering great 
number years. The objection such method obvious, but, 
matter fact, not great would seem first thought. 
the light present knowledge, the combination records streams 
from distant areas having widely different conditions not justifiable, 
and series made from number streams relatively small 
area reflects changes conditions which might take place 
long term years. Mr. Marsh points out that the average daily 
run-off from the Croton water-shed the years, 1869-86, was 
gal. This difference the smaller, and 23% the larger, 
figure. matter fact, however, the treatment proposed 
the paper, the safe draft and the storage unit are expressed terms 
the coefficient variation, which latter does not vary materially for 
the two periods. the draft taken this way, the variation 
the mean annual run-off does not enter into the problem 
manner. The actual draft any absolute quantity units obviously 
does, however, and, applying the results the analyses explained 
Mr. Hazen, one must careful realize that the figure taken 
for the mean annual not the correct one, the quantity figures 
will also error, the extent the error when above critical 
storage point being, according the author, about 80% that 
the mean annual run-off (page 1611). 

The limitation the method this direction, however, does not 
take away its value for analyzing data the character under consid- 
eration. Obviously, method examining data conceivable which 
would promise quantity any more dependable than the figures 
for mean annual run-off from water-sheds. Serious errors mean 
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annual discharge are much less, and can more easily avoided Mr. 
dependable manner, than almost any other kind errors hydro- 


graphic records. undoubtedly true that the relation between the 
run-off any one year and the rainfall that year impossible 
establish within reasonable limits, because the tremendously 
complex character such relationship. The relation between mean 
annual rainfall over two long periods time and the mean annual 
run-off for the same long periods time, the case any given 
water-shed, however, very different matter. The writer does not 
know just what the facts in. this particular are Eastern, North- 
eastern, and Southeastern streams, but, California, where wet and 
dry cycles run from years length, there difficulty 
judging very clearly from long precipitation records whether not such 
low-year run-off and high-year run-off cycles exist. follows, therefore, 
that the author’s conclusion that his method studying such 
artificial series seems the best means now available for finding 
approximately some the relations between flows and storage, 
absolutely justifiable. 

page 1542, stated under the heading, “Land Area Only 
Basis”, that the “published figures are revised dividing the run-off 
per square mile from the total area, one less the proportion water 
area.’ This may empirical rule found correct for the 
territory which Mr. Hazen was considering, but otherwise the reason 
for doing not clear. Mr, Marsh’s comments taking equivalent 
land area rather than gross area seem pertinent. page 1546, 
said that storage most conveniently stated days’ supply 
maintainable yield. This evidently true regards storage for 
municipal purposes, but not true for irrigation and power storage. 

probable that great many members began “read rapidly” 
—and not understandingly—at the heading, “Probability Paper.” The 
author states that this is: 

ruled with lines spaced accordance with proba- 
bility curve, or, otherwise called, the normal law error. The 
spacing the lines for this paper was computed from figures taken from 
probability curve tables, and arranged that the line which represents 
the summation the probability curve, when plotted it, straight.” 

This very short and interesting, but not satisfactory, descrip- 
tion. far the writer aware, this the first time, engineer- 
ing literature least, where probability paper has ever been used, 
its use suggested, its preparation even touched on. The short 
description thus given is, say the least, not comprehensive, and, 
indeed, some “arrangement” the figures taken probability 
curve tables must made order obtain the probability paper 
given. Just what that arrangement is, the writer has not had time 
figure out, and can well understand that most engineers are 
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not willing use new mathematical graphical tool without 
least understanding how prepared. The equation straight 
line when plotted such paper would obvious 
that going into entirely new field, the author has this paper, 
great conciseness necessary order keep the contribution within 
reasonable length, but hoped that the discussion will bring out 
little more information and detail regarding new probability 
paper. 

The definition dry years excellent idea, and well 
emphasize the fact that any given percentage dry year must 
considered type, and not any one actual year. 

page 1574, the author says: 

“The importance making the correction for daily results, when 
monthly are used for the basis calculation, will realized 
when stated that, for most the Eastern streams investigated, 
this correction amounts more than the allowance for evaporation.” 


Although this practically true the Eastern reservoirs dis- 
cussed the author, very far from being true in_ irrigation 
practice west the Rocky Mountains. California, the 
evaporation loss from municipal reservoirs often amounts more 
than great sometimes that the hardness the water 
the end dry cycles more than doubled. The same applies 
the second paragraph page 1602, which stated that the 
correction for the quantity storage the Croton water-shed, esti- 
mated Mr. Freeman some years ago, deduced the method 
analysis given the paper, 30%, addition large 
that overshadows all allowances for evaporation, ground-water 
storage, and other secondary conditions 

For Eastern conditions, where the annual precipitation directly 
water areas approximately equal the annual evaporation therefrom, 
the author’s methods handling evaporation, given page 1628, 
doubtless satisfactory. However, where the evaporation such 
very important factor the Far West, absolutely neces- 
sary, order avoid very serious mistakes, eliminate this item 
both sides all equations, and regard part the total draft, that 
is, the maintainable draft should considered the gross draft, 
and the net draft should determined from and the evaporation, 
using very short intervals time and actual water areas for each 
the respective time intervals. This particularly true the 
irrigation reservoirs, where the draft not regular throughout 
the entire year but concentrated throughout half the year less, 
with maximum daily draft frequently twice that the average 
even for the short irrigation season. 

this the case, order make the method general, seems 
the writer that regarding evaporation one part the total draft; 
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just the net draft the other part, instead using the method 


which the author suggests, absolutely essential. 

1596, the paragraph: “It probable that more 
the years would follow consecutively one period several years 
low average might misleading, because the method takes 
into this very probability succession dry years. 

The paper would little clearer and more easily read were 
parenthetical descriptions the kind paper the various figures 
indicated, arithmetic-arithmetic, arithmetic- 
probability, and papers being used without 
stating which which. 

page 1592, the author states that the Eastern 
vestigated, the annual flow will fall 55% less the normal, 
once 100 years. the other hand, Western streams 
quently falls zero for consecutive years the case some 
important Indeed, the coefficient variation the Sweet- 
water River the Sweetwater Dam greater than unity, 
being 1.38, 

page 1593, the author states: 

“It obvious that the storage required balance annual fluctua- 
tions flow will increase with the coefficient variation for the 
mean annual flows. not unlikely that the coefficient variation 
may used basis for measuring the storage such way that 
the results will general, and will apply equally all the streams 
within the range covered this study.” 

With the view ascertaining what would obtained 
applying the method some the most variable the Western 
streams, the writer examined the run-off data shown Fig. 38—prob- 
ably the most variable any streams the United States—and that 
another series totaling 142 years from another locality (details not 
given) whether the coefficient variation might used 
basis for measuring storage. ‘The results were startling, and are 
given graphically Fig. 39. Unless case mere coincidence, 
which seems improbable, it. appears that, not only the method, but this 
latter curve, can applied all streams within the range covered the 
writer’s study, well all those within the author. 


This most significant. indicates that the author has proposed 
method which obtained wonderfully effective tool for the use 
hydraulic engineers—the figure showing storage units 
values for 80, 90, 95, 98, and 99% dry years, and Fig. ex- 
tended low 0.1, through the examinations which the writer 
has just mentioned having made. this curve, the storage units 
equal the standard variation the coefficient variation multiplied 
the mean flow, and the coefficient the expression: 
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_.. Cumulative Deficiency in Annual Flow 


Storage Units 


Coef. of Variation x Mean Flow. 
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seems premature suggest that this curve will hold true for mr. 
streams sets streams general localities, widely separated, and 
having. excessive differences run-off characteristics. the same 
time, the curves very closely the results obtained the 
the streams which examined the New England and 
neighboring States, and equally well the data from some streams 
the very southeastern corner California and from some its central 
portion. the latter region, the run-off characteristics are quite 
different from those the southern end California they are from 
those selected the author from New England territory. 


Should further investigation show that these curves are really 
general their application and that their coincidence the case 
these exceedingly different sets streams not mere matter 
chance, the ability determine very quickly the available draft from 
any stream with given quantity storage, vice versa, 
half day’s study its yearly run-off data, will prove almost in- 
value the Profession. for this reason and for the 
desirability. determining quickly the limitations the method 
and the propriety its general application, that the small amount 
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discussion which the paper has brought out especially 
regretted. 

given the curves Fig. 39, must added the actual monthly 
storage (corrected for daily storage) required tide over dry seasons 
the year, the estimation which considered that the 
paper preceding page Such monthly storage appears to- be. about 
245 days for the complete development the Eastern streams investi- 
gated the and about 320 days the California streams in- 
vestigated the writer. 

page 1606 the author, having explained that the method can 
applied analyzing the studies rainfall records, states: 

“The standard variation rainfall not very different from the 
standard variation run-off for the same area some cases, shown 
Table 17.” 

This table does show interesting correspondence, but similar 
table for the dry region California investigated the writer shows 
such correspondence. 

pages 1610 and 1611 set forth the effect error mean 
annual run-off, but the derivation these figures not given and 
not clear, least the writer. page 1612, the author considers 
the accuracy averages short-term records, stating: 

“The method thus supported, and may accepted 
except far modified the existence cycles the records. 
The figures indicate the presence cycles, and appreciable, although 
not large, influence from them the average aceuracy short-term 
averages. 

“Taking this influence into get average result for 
which the probable error will not exceed 10% with streams like those 
used the basis for this study, 4-year record necessary. 
reduce the probable error 5%, 12-year record necessary, and 
reduce 8%, 2%, and 1%, records 28, 63, and 250 years, 
respectively, are required.” 

‘In this presentation the possibility noted, but their 
importance not sufficiently pointed out. For example, the probable 
error the 18-year record, 1887-1904, according the foregoing, 
less than 5%, yet, according Mr. Marsh’s statement his dis- 
cussion, this average the Croton water-shed was 23% greater than 
mean much smaller, the safe dependable yield throughout the 
earlier period years obviously the thing, and practically 
only thing, interest hydraulic engineers estimating dependable 
yield, particularly for municipal With regard this point; 
seems the writer, was expressed early this discussion, that 
there was use hoping obtain results analyses 
records any more reliable than the figure for the mean’ annual run-off 
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itself, and that the possibility such dry cycles must examined 
analysis the precipitation records over the same gen- 
eral region, which ordinarily extend back very many times long 
run-off observations. 

‘On page 1616, the equation for the probable error the caleu- 
lated maintainable yield Eastern stream above the critical point, 


0.55 coefficient variation 


the reason for the use the figure 0.55 not clear the writer. 
Also, the: author’s discussion: Probability Shortage 
Supply”, 1634-1636, not clear, particularly the reason 
for using.0.8 multiplier the probable percentage error the 
general for the whole series, order obtain the probable 
error the mean flow, the storage being above the critical 
point. 

may the writer has criticized the paper somewhat 
freely. This only apparently true. The criticisms are all very 
minor, nature, and would not all worth while the paper was 
ordinary importance. The presentation remarkably well done, 
and fine example clearness and conciseness. The subject mat- 
ter, however, not simple, and the argument more than usually 
difficult follow. For these reasons, the detailed suggestions and 
which have been made seem be: desirable. 

conclusion, the writer again expresses the hope paper, 
and particularly the use the revised Fig. 39, will ex- 
amined critically those members the Society interested chiefly 
hydrographic work, and that their experiences regarding the 
applicability the method proposed the author given promptly 
the Society. 

Mr. Marsh’s suggestion reckoning the evaporation the water 
area corresponding to.a storage two-thirds the maximum quan- 
tity water stored rather than the full area. The method sug- 
gested Mr. Cory considering the evaporation part the draft 
ingenious, and seems offer substantial advantages for use dry 
climates and with long periods depletion. For Eastern conditions, 
where, annual average, the evaporation ordinarily less than 
the rainfall, but considerably exceeds during certain period 
summer and fall, the method suggested the paper seems bet- 
ter adapted. 

There. also the interesting case, found (not dis- 
cussed either the paper Mr. Cory), where the water drawn 
from existing lakes reservoirs measured after evaporation has 
taken place; and, where this the case, obviously, further allowance 
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for evaporation required computing the supply that can utilized 
from such source. When, however, desired. 
results with records flow from streams which have, not been 
impounded. allowances for evaporation are necessary order esti- 
mate the probable natural flow the stream. This. procedure was fol- 
lowed preparing the Croton, Sudbury, and Wachusett data used 
the paper. 

After all, the different methods allowing for evaporation are only 
different ways doing the same thing, and, with the same fundamental 
assumptions, appreciable difference should grow out 
any reasonable variation the method making the correction. 

interesting note that further study ‘evaporation indicates 
that, most cases, early were too high. words, 
the errors the experimental procedure have the 
direction increasing the apparent quantity evaporation. 

The question whether the land area the total area should 
used basis for stating run-off one which does not affect 
any way the general method proposed the writer. makes 
difference the final result which the two methods used, long 
that method kept clearly mind and properly applied the 
end the calculation. The land area was selected for use the 
writer, for Eastern streams, following Mr. Stearns’ classic dis- 
this subject, and still believes that for these streams this 
method is, the whole, rather more convenient. other cases, 
has advantages. 

Mr. Marsh’s statement regard the mean flow the Croton for 
two successive 18-year periods interesting. Obviously, such periods 
low flows must anticipated from time time, but how often? 
The method outlined the paper gives the basis definite answer 
this question. The coefficient variation annual flows the 
Croton River 0.239. The probable error any one 18-year period is: 

0.239 0.6745 

the 18-year period from 1869 1886, the mean flow was 12.5% 
less than the record mean for the whole period. Assuming the record 
mean the true mean, the actual error for this 18-year period was 
times great the probable error for one 
From probability tables appears that 97.4% all the terms 
series which follows the normal law error, differ from the mean 
less than this amount. The remaining 2.6% the terms are 
outside the limits, one-half being above the upper limit and one-half 
below the lower one. all consecutive 18-ycar series, 1.3%, there- 
fore, would expected less than the true mean amount 
least great that which this Croton series did actually drop 


3.8 per cent. 
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below the record mean the Croton River. other words, any 
18-year series, there chance that the mean will fall below 
the true mean much more than the actual reported drop 
this case. indefinitely long period years, one such 18-year 
dry period would expected once every years, average. 
The Croton records cover years, the present time. Within this 
record comprised periods, each having consecutive years. 
Each these periods had chance being below the limit. 
There were, therefore, chances out that some one the 
18-year periods would fall short the record mean amount 
least equal the shortage that reported this case. The proba- 
bilities are almost that such shortage will not happen any 
given 46-year period. The variation this record, although 
reaches 3.8 times the probable error for any one 18-year series, one 
that would have expected one out every three 46-year 
periods, and its actual occurrence this case impressive 
example the error short-term averages. 

possible, course, that this case there may long-term 
eyele variation rainfall and run-off which may contribute some 
measure the low average, and may also mentioned that the 
greater part the flow the first 18-year period was measured 
flood discharge over the old Croton Dam, and the greater part the 
flow the second 18-year period was measured the two Croton 
its way the city; and may that, notwithstanding 
the great care that has been exercised adjusting the old records, 
some small residual error may exist and element the reported 
difference. 

Answering Mr. Mills’ question, the method proposed elastic 
one and allows the degree provision against selected. 
working the 99% year, shortages such those which Mr. Mills 
the 95% year selected, shortage must anticipated once 
years. Therefore, any degree insurance that desired can 
selected, and the calculation made accordingly. 

Mr. Taylor entirely right calling attention the wide dif- 
ference run-off and storage conditions between the East and the 
West, and unfortunate that these differences have been often 
overlooked, and that such investments the one which mentions 
have been made inadequate data. the other hand, points 
out, even the same case, properly designed development would 
have great possibilities good, and would doubt ultimately 
prove remunerative. 

Mr. Tighe has recorded the origin the mass-curve, and may 
well point out that the methods now proposed not any 
way supersede it. the contrary, the mass-curve method used 
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basis for computing the storages which all the tables and dia- 
grams the paper are based. Practically, however, the mass-curves 
were not drawn, was found that the results might 
obtained more easily arithmetically. 

Mr. Tighe points out exception the rule that, within certain 
stream. The summer refill water which mentions, small 
quantity the dryest years; much more abundant wetter 
years, when not needed. There small storage 
site would reduced value because the loss 
water transit dry time. With abundant gravel, water lost 
percolation may more important this case than water lost 
evaporation, and, although the former may expected for the most 
part re-appear subsequently the main stream, may come 
later time, when the natural flow otherwise sufficient, and when 
not needed. far this the case, the stored water will 
lost and the available supply decreased. The loss water per- 
colation extending and around the intake dam not taken into 
account the method analysis proposed the paper. were 
desirable consider such loss, would seem best regard the water 
lost this way draft, the same way that Mr. Cory proposes 
treat the loss evaporation. 

Mr. Goodrich has suggested possible explanation the fact that 
the curves representing storage and flow data are skew curves, and 
not exactly follow the normal law error. his thought that 
the curve may composed several independent curves superimposed 
each other. This matter extremely important one. 
writer earnestly hopes that Mr. Goodrich will find time develop 
this method and apply it, and suggests that this subject would 
most appropriate one for paper presented the Society. 

increases the value the paper, because extends the use 
methods new fields and shows their and useful applica- 
tion. The writer regards method more important the 
results deduced and presented the paper, and 
interested, therefore, showing that equally applicable Cali- 
fornia and New. England, and problems of. municipal 
supply, irrigation, and power. 

some cases, least, the actual numerical figures obtained 
basis from the records Eastern streams having the smallest 
variations their annual flows are found substantially equal 
like figures obtained applying the same Southern 
California streams having the greatest variations. in. their annual 
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fidence the use the method for all intermediate conditions, and 
these include most the cases that occur. was. the intention 
make the methods general form, that they would have wide 
application, but the discovery that both the method and figures 
some the diagrams apply such widely different conditions 
those Southern. California most gratifying. 

extended far enough include all the storage ordinarily 
used, that will ordinarily desired such Eastern streams 
serve the basis the study; but, California, where water 
relatively more valuable, and where cheap: storage sites are found, 
the economical limit storage moved upward 
also shown Mr. Conte’s discussion; and many the larger water 
projects successful use California the present 
found beyond the limits represented Fig. 30. The extension 
the study these higher relative storages, therefore, desirable 
and necessary. ‘Mr. Cory, using California data, has extended 
this way. 

The writer Mr. Cory’s results independent study 
some California data and extending the Eastern results, and 
satisfied their substantial accuracy. the lower relative 
storages and rates draft, the Eastern data presented the paper 
are adequate determine the required with fair degree 
certainty, and they are better suited this use than Mr. Cory’s 
records. the other hand, the California data for the 
higher rates draft are better than the Eastern are 
preferred. combination 39) which Mr. Cory 
has prepared, therefore, safer one use than could been 
deduced from either set data taken itself. The the 
two sets data produce results which check the point junction, 
both position and direction, most. satisfactory. 

not supposed that the storage ratios for the highest 
rates draft can determined with the same degree accuracy 
that reached with the lower ones. With draft equal 
which highest limit investigated with the Eastern data, there 
will be, average, period about years each 
years, and few cases somewhat longer periods, about 
far the analysis can carried without sacrifice accuracy. With 
the greater draft and Mr. Cory, 
and necessary include California data and conditions, the normal 
periods depletion are greatly extended, until the normal condition 
the reservoir becomes one being only partly full. the ex- 
ception, perhaps the rare exception, when the water reaches the over- 
flow. This actually reached many 
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the present time. The greatest normal period depletion 
that records streams covering only years are inadequate 
establish with certainty the full storage required for these higher 
rates draft. The writer, therefore, regards the figures Mr. 
extended diagram (Fig. 39) approximations, which are best 
available the present time, but are certain modified more 
less when more extended data become available. 

The question may also considered whether, mathematical 
methods and better analysis the probabilities the situation, 
may not some one reach better understanding 
the matter than the writer has been able do. 

give Mr. Cory’s extended diagram (Fig. 39) full use, and 
show its application, not only California streams, but many 
others having higher coefficients variation than any that were dis- 
cussed the paper, the writer presents Figs. and 41, 
senting the storage required maintain the supply 95% and 98% 
dry years for California and other similar conditions. These diagrams 
are based Mr. Cory’s extended diagram 39) with curve for 
monthly and daily storage based some studies the writer few 
California streams. the writer’s belief that this will found 
fit well enough used with advantage estimating storage 
great variety climates. especially applicable where the vari- 
ation annual flows greater than that for Eastern streams, and 
where the seasonal fluctuation flow also greater. Figs. and 
also differ from Figs. and extending much farther upward, 
cover streams with greater variations and with the use 
greater relative storages. 

The most careful and conservative estimates public water sup- 
plies for Eastern cities the last decade have been based 
assumptions substantially severe those corresponding 98% 
dry year. the writer’s opinion that the 95% year will more 
generally applicable, and, the whole, better basis for rating 
works. basis were used corresponding the 95% year, and were 
wrongly assumed that represented the dryest year expected, great 
damage might follow, but the limit recognized and kept always 
mind, the likelihood harm will largely eliminated. 
The use the term, 95% dry year, itself constant reminder 
that year will probably dryer than it, and therefore tends 
safety. the other hand, limit the rating works using 
the 98% year base has the effect reducing the available sup- 
ply much that all can used average only once 
years, and this will seldom justified. 

The writer regrets Mr. Cory’s difficulty understanding portions 
the paper. This may due the writer’s effort compress the 
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material keep the paper within reasonable limits length, 
and avoid making treatise least squares and statistics, and 
covering ground better covered textbooks those subjects. 

The proposition that above the critical storage the reduction 
maintainable yield with the same storage about 0.8 the reduc- 
tion the mean flow, which Mr. Cory does not understand, was 
obtained trial with number representative quantities. 
approximate factor only, and used only discussing probable errors 
and never discussing probable yields. similar way, the 0.55 
coefficient, which troubles Mr. Cory, was obtained multiplying 
0.6745, the ratio between the standard variation and the probable error, 
the same factor, 0.8. round figure was used because that only 
justified the accuracy the whole procedure. The resulting 
formula regarded empirical, and approximate only, but. 
useful giving idea the probable error the results. 

Complying with Mr. Cory’s request, endeavor will made 
explain the way which the probability paper was laid out. 

The distances the vertical lines from the central line will 
defined all cases. Take, for example, the 10% line, which the 
from the center one side the 90% line 
the other. Then, 10% all the results will outside this line 
each end, making 20% all. page 221 Merriman’s “Least 
Squares” found table values the probability integral. Simi- 
lar tables are also found other standard textbooks. this table, 


the value (representing the ratio the actual variation the 
T 


probable error) corresponding 0.8000 80%) found 1.9. 
This figure, therefore, may taken the distance the 10% line 
and the 90% line from the center the diagram. The relative posi- 
tions other lines are found the same way. The values 
only are importance. They may plotted any convenient scale. 
The numerical values for the vertical lines the probability diagrams 
the paper are given Table 29. 

These values must taken approximate, because many them 
are obtained interpolation between the values given Merriman’s 
table, They are sufficiently exact for practical purposes. Perhaps some 
member the Society, with mathematical turn mind, will solve 
the formula and obtain more precise values. 

The experiment has been tried making logarithmic probability 
paper. The vertical lines were spaced according the distances given 
Table 29, and the horizontal lines were logarithmic scale. 
Numbers plot straight line such paper when their logarithms 
form true probability series. probability paper has 
been found helpful where the degree skewness the curve very 
great. For the flow and storage data used the paper, the 
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arithmetic probability paper has proved more satisfactory. For some 
other investigations the logarithmic probability paper has seemed 


CENTRAL 50% 


(This table covers one-half the sheet. The other half reversed.) 


Relative Relative Relative 

Line. distance. Line. distance. Line. 
50% 0.000 17% 1.415 0.8% 
48% 0.074 0.7% 
46% 0.149 15% 1.587 0.6% 3.7 
44% 0.224 14% 1.602 0.5% 3.821 

40% 0.376 12% 1.742 0,3% 4.077 
38% 0.443 11% 1.818 0.2% 4.267 
36% 0.581 10% 1.900 0.1% 4.585 
30% 0.777 7% 2.188 0.07% 4.748 
28% 0.864 6% 2.805 0.06% 4.817 
26% 0.954 5% 2.439 0.05% 4.900 
24% 1.047 4% 2.596 0.04% 5.000 
19% 1.802 1% 8.45 0.01% 5.550 
18% 1,357 0.9% 8.507 


addition these discussions, the writer may add that, the 
months since the paper was presented, has had opportunities 
try out the methods with other data from widely varying sources, 
and that, result this experience, now regards the shape and 
general position the lines the normal monthly and daily storage 
diagram, Fig. 26, representing climate, and likely change when 
the general climate different, but the deductions therefrom, shown 
Fig. representing ground-water storage and other local condi- 
tions, reflect differences the several catchment areas, and these 
must ascertained for each stream separately. Thus, Fig. 
found apply reasonably well all the Eastern records from which 
probably will found apply more less closely 
all streams the North Atlantic Coast. For English conditions, 
the required storage would that shown and Fig. would 
because the English climate has less seasonal 
variation stréam flows are steadier. the other hand, 
California, the required monthly storage greater than that. shown 
Fig. This figure, therefore, may accepted only for the gen- 
eral region from which the data were obtained. 

For other conditions, the local data could made 
furnish, the methods described pages 1546 1573, diagram 
normal daily and monthly storage for local use. 
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Fig. the base Figs. and 34, these diagrams 
should also regarded only strictly applicable to. regions where 
the general conditions not differ from those 
the North Atlantic Coast. 

the other hand, Fig. 30, and the extension (Fig. 38) pre- 
pared Mr. Cory, may general application. The 
lines them are not taken precise, but rather rough 
but general and reliable indications the quantity annual storage 
required. Understood this way, the writer believes that they may 
used with confidence applying very wide range conditions. 

certainly true, Mr. Cory points out, that impossible 
estimate capacity with less percentage error than that the data 
which the rest; connection with Western 
streams having high coefficients variation annual flows, will 
generally found that the probable error the record mean 
much greater percentage the mean than thé with Eastern 
streams having steadier flows; and the uncertainty the amount 
the true mean will usually greater than any difference that will 
result from probable errors the number storage units required, 
shown the combined diagram (Fig. 39). 

The utility the coefficient variation annual flow 
basis for classifying streams and serving numerical basis for 
estimating storage, made more apparent further study. Starting 
with streams New England and the neighboring States haying 
coefficients most often between 0.20 and 0.25, and always between 0.15 
and 0.30, the coefficients are increased from 0.40 0.60 more 
the Middle West, and more than unity Southern California. 
the neighborhood San Francisco, streams the Coast Range 
with large and steady flows have coefficients the neighborhood 
0.50, and the Diablo Range, few miles farther from the coast, the 
coefficients are increased 0.70 more, and still farther Southern 
California 1.00 and more than 1.00. the other hand, the Tuolumne 
River, fed the melting snows the Sierras, has coefficient only 
about 0.42. Then, again, with climate little variation, Eng- 
land, the rather meager data hand indicate considerably lower 
coefficients variation than for any American streams. 

When realized that the storage required increases more than 
direct ratio with the coefficient variation, the significance these 
figures, indication differences conditions, and numerical 
basis for estimating the storage required the different cases, may 
realized. 
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STATICAL LIMITATIONS UPON 

THE STEEL REQUIREMENT 
REINFORCED CONCRETE FLAT SLAB FLOORS.* 


Although statics will not suffice determine the stresses flat 
limits these stresses. the purpose this paper inquire 


into these limiting and establish their values for comparison 


with those obtained current methods designing floors. 


The nature the limitations imposed statics best shown 
not establish the weight any one stone, but does ensure that the 


heaviest stone weighs least lb. Therefore, although cannot 


though could not assure safety. 


determine the value the stress given section flat slab 
statics, can establish stress intensity for the steel which will 
certainly attained and possibly greatly exceeded. Such quantity 
point the existing danger overstressing the steel, even 


Consider the case intermediate panel floor the ordinary 
flat slab type, supported flare-topped columns, extending indefinitely 


all sides, the whole floor subject full uniform live and dead 


* Presented at the meeting of May 21st, 1913. 
Now Assoe, Am. Soc. 
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load. This the case ordinarily presupposed the design floor 
this type. For simplicity will consider all the panels square, 
and will discuss the equilibrium that portion the panel which 
heavily outlined Fig. quarter-panel, omitting the area over 
the column top. 

The forces acting this portion the slab are its own weight 
and the live load, both uniformly its surface; the 
vertical shear the curved section, and the couples (in vertical 


/ 


The assumption that there shear the sections, 
and not made arbitrarily, however reasonable may be. Not 
only reasonable assumption, but the most favorable 
that can made with reference low stresses. For, if. any shear 
existed one sections, such way lessen the other 
stresses, this same shear acting reverse direction the adjacent 
quarter-panel would increase correspondingly the stresses there, and 
would have give our attention that quarter-panel which in- 
volves the greatest stresses. Obviously, the most favorable supposi- 
tion that all quarter-panels are equally effective load carriers, and this 
means, just stated, absence shear from the four straight sides. 
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The only outright assumption used basis for the inquiry 
that the shear the curved section, uniformly distributed. 
The reasonableness this assumption obvious, and besides, con- 
siderable variation the shear involves only slight error the 
results shall obtain, for the only use made this assumption 
locating the resultant the vertical shearing forces. 

the unit live and dead load pounds per square foot, the 
total load the quarter-panel 


Top 

Bottom 


Fic. 2. 


The vertical shear has the same value, and these two vertical 
forces together form the bending couple acting the quarter-panel, 
which balanced the resisting couples the five sides. The 
resultant, (Fig. 2), the shearing forces the center 
gravity the 90° are which the diagonal line from the 
column the opposite corner the quarter-panel, and distant 
from the center the column 
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The resultant the loads passes through this same diagonal line. 
Its distance, from the center the column obtained follows, 
taking moments about the column center: 

Area. Distance. Moment. 


3 


Square 
Quadrant. 


may now write 


or, putting the values and just found, 


LT? 3 


where the couple made the load and the supporting shear 
the vertical diagonal plane through and 
The component this couple about horizontal axis parallel 
the side, 
pare. 55 9. 
M, = K w L 
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M,, the component about horizontal axis parallel 
evidently has the same value M,. 

Values for ordinary values are given the diagram, 
Fig. 

Having found the attacking couple, (or its two components 
and M,), there remains but point out that the resisting 


the five sides the quarter-panel, taken together, must suf- 
ficient balance and hold this portion the slab equilibrium. 
these resisting moments expressed terms the stress the 
steel, easy determine whether any given design satisfies this 
purely statical requirement. will while carry the in- 
quiry little farther and apply the results already obtained 
few simple types reinforcement. 
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the simplest type consists rods parallel the sides 
the square panels, the top the slab where they cross 
and (Fig. 4), and the bottom where they cross and Let 
the total area all the rods both directions panel, 
the vertical distance from the center the steel the center 
pression the concrete, and the unit stress the steel. The area 


the total tension 


and the resisting moment 


— da’ 


Rods at bottom 


Rods bottom 
Fic. 4. 


Similarly, the resisting moment including the component 


have, from statics, the condition equilibrium that the sum 
the moments about any axis must zero. Applying this prin- 
ciple the present case, and taking horizontal axis parallel 
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should borne mind that this the lowest limit the 
value for given maximum consistent with the fundamental 
principles statics; and the maximum stress the steel for given 
will not low f,, except under the conditions already as- 
sumed (and they are the most favorable possible), and under the 
further assumption that all the steel all the five sections, which 
constitute the periphery the quarter-panel, uniformly stressed. 
the stress intensity less than any point, must necessarily 
greater than some other point. The stated value 
certainly reached and may greatly exceeded. 

the area the steel doubled the sections subject 
negative bending, lapping the rods sufficient distance the top 
the slab where they cross the sides the whole panel, may write 


A, = 3 Kw 


belts rods four directions, all passing over near the tops 

the columns (Fig. 5). All the rods are the bottom the slab mid- 

way between the columns and the top over the columns. The pull 

the rods piereing the side, the quarter-panel, amounts 

from the half the Belt (1) and 


from the halves the 


Relts (2) and (3), where the area cross-section one belt. 
Both these are normal the side, The resisting moment 
then 


Similarly, for the steel over. the column 


» 
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The total cross-sectional area the four belts 
1.66 


The value for this type appears less than that for 
Type other things being equal, but half the rods here are 1.41 
times long, neither type shows economy over the other weight 

IV.—A fourth type like Type III except that the diagonal rods 
are doubled over the column lapping, and the rectangular short- 
way belts remain the bottom the slab even where they pass over 
the columns. 
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Using the same notation before, have 
M, — Mz Mea = 2.62 A, f, 


1.53 
fifth and last type reinforcement shall examine 
here like Type III, except that all the belts are doubled lapping 
sufficient distance over the columns. 
1.105 
For purposes illustration, take 0.10, possible and perhaps 
common value. Then 0.0467, and may state the results 
this inquiry, applied this case, follows, inserting place 


V. 0.0517 W L or 
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the values are given for the five types 


« 


the diagram, Fig, 

There remains but point out the bearing all this current 
practice the design flat slabs. cannot recalled too often 
that the results obtained this paper are based solely statics and 


Fie. 6. 
the single assumption that the shear around the periphery the 
column-top uniform. The stress obtained not the actual maximum 
stress the steel, but the lowest value which this stress can pos- 
sibly have under the loads and conditions assumed. The actual stresses 


| | 
10 ee | | | 
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are determined the elastic properties the materials, and their 
computation, say the least, intricate. With whatever industry the 
powers higher mathematics and the mysteries Grashof’s formulas 
and Poisson’s ratio may invoked, they cannot justify result for 
the maximum stress the steel smaller than the limiting value deter- 
mined this paper. 

will said, however, that many flat slab floors are now standing 
under loads which, according the results this inquiry, imply 
very high stress the steel; and other flat slabs have been tested with 
loads which, these results are correct, would seem bring the 
steel stress excess its ultimate strength. will usually suffice 
discuss such evidence when offered, but one fact may pointed 
out advance, namely, that such test loads have been generally applied 
single interior panels, and this case the lateral strength and 
rigidity the adjoining panels afford admirable abutments for con- 
crete arch dome. 

the case buildings actual use, course, seldom, ever, 
happens that whole floor loaded with anything approaching its 
full live load one time. and there panel might fully 
loaded, but, through arch dome action, lightly loaded panel helps 
heavily loaded panel could not all were fully loaded. Then 
again, designers have happily been the habit providing factor 
safety which possibly accounts for the integrity many existing 
buildings. these mitigating circumstances are made use 
the interest economy, should done deliberately and with 
eyes open, not under cover incorrect method design. Specifica- 
tions might very well call for one live load for single panel and 
another lighter load for the loading entire floor, thus recognizing 
and permitting reliance dome action. 

The method analysis used this paper applicable, course, 
cases involving shapes other than plan, 
and rectangular well square panels. Designs involving deeper 


slab near the column than mid-span can also investigated 
this method; but space will not taken here into that. The 
paper will have served the writer’s purpose makes clear the nature 
the limitations set statics upon the load-carrying capacity 
flat slab floors with reference the stress the steel, and sufficiently 


: . 
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illustrates the application the principles involved facilitate their 
extension other cases that may arise. 

closing, the writer asks those who criticize this paper not con- 
fine themselves citing evidence appearing conflict with his find- 
ings, but also point out any errors they may find his premises 


reasoning. 
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DISCUSSION 


J.. Menscu, Am. (by paper in- 
vites timely the design the so-called flat slab floors. 
seems that the best firms America have fairly good knowledge, 
based expensive tests, the maximum stresses which enter into 
the design such plates, yet they cannot convince the conservative 
engineer architect that their designs are not gamble, and that 
many their structures will not show serious defects sooner later. 
the writer’s knowledge, the responsible firms which make specialty 
designing and building such floors not use higher stresses than 
the author claims find static methods. His paper, however, will 
not advance our knowledge the design such floors, assumes 
certain relation positive and negative moments, and fails prove 
that they may exist. 

The writer will endeavor develop rational method designing 
flat floors, practically without the help the higher mathematics. 
For this purpose will consider the floor consist two systems 
slabs, right angles each other and continuous over the sup- 
ports. shown Fig. each slab carries one-half the panel 
load each panel, and width equal the distance from center 
center columns. The theory continuous beams will ap- 
plied few the most important cases. 

Case 8.—Continuous 
Slab Four Supports; Only the 
Panel Loaded, the Tri- 
angular Load, 


One easily finds the reaction 


action 


The moment over the support, 


The moment the center 


Case 9.—Continuous Slab Four Supports; Only the 
Outside Panels Loaded. Load Each Panel, 


| 
: 
4 
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in- 9 
32 Fie. 8 
into The moment the center the loaded panels 
tive 
shat = i4.8 wi. A W 
for the entire center panel 
will 2 32° Fic. 9. 
Case Slab Four Supports; Each 
Panel Loaded Triangular Load, 
ing 
nel 
ap- The maximum moment 0.433 from 
Case Case but With Infinite Number Panels; 
and the Triangular Load, Applied the Center bend- 
ing moments, over the support, well the center the loaded 
panel, are the same given under Case 
Case Case III, but With Infinite Number 
The bending moments over the central supports The bending 
moments the center the center panel this case the out- 
side panels have about the same maximum moments the center and 
over the second support the outside panels Case III. The 
maximum moments the second panels from the outside 


and those over the third supports 
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Mensch. 


example, consider continuous slab four supports, ft. 
from center center, having dead load 125 per sq. ft., and 
caleulated for live load 250 lb. per sq. ft. 


for the dead load 125 400 50000 
for the live load 250 400 100000 


For Case the moment the center the center panel from live 


100 000 
104 200 ft-lb. For Case III, the moment the 


000 


center the center panel from dead load 


total bending moment 125 000 ft-lb. 


For Case II, the moment the center the outside panel from 
100 000 


live load 135 000 ft-lb. For Case III, the moment 
the center the outside panel from dead load 54000 


ft-lb., total bending moment 189 000 ft-lb., 50% greater than 
for the center panel. 
The moment over the support, greatest for Case ITI, and equals 
188 000 ft-lb., the slab must just strong over 
the supports the center. 


The entire inside panel subject negative moment from the live 
100 000 


load for Case II, which moment 500 which 
the center the panel reduced the dead load moment 


800 ft-lb. These high negative moments cannot neglected 
responsible designer. The author and most the designers seem 
consider only Case for which the moment the center the center 
panel 000 ft-lb., and the. moment over the sup- 
150 000 
19.2 
ably less than the foregoing cases, the outside panels Case 
The moments heretofore given are for the entire slab, having 
width The assumption made the author that the stresses are 
distributed dividing the width the panel into, say, 
ten units, can shown that parabolic distribution the entire 
moment, for the sizes caps ordinarily used, near assumption 
can made. See Fig. 11. Then the moments the middle portion 
the slab are 25% greater than the average moments and 2.5 times 


156 000 ft-lb., consider- 


ports the center panel 


| | 


ft. 
and 
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great the edge the slab. The 
foregoing computations are only adaptable 


flat slabs with caps which universal 
. 
joints over the centers the columns. 

Moment 


not the case practice; the contrary, 
the columns are well connected with the floors, 
and nearly always have larger moment 
inertia than the floor slab total width 
Besides, the height the columns most 
cases considerably less than the span the 
floor, and, therefore, the columns will offer 

greater resistance change angle over the 

supports than can expected from the con- 

tinuous action the floor when only one panel 
loaded. rule, there are columns top 

well below the floor, and these will increase 
further the arch action which considered. 

will now assumed that two panels are loaded side side, 
Fig. 12, and that the two columns and the flat slab width, 
form hingeless arch construction, shown 
Fig. 13. 

facilitate the calculation, will 
assumed that the columns cannot change 
their inclination Two unknown values 
have found, the thrust, and the 
moment, Ma. 


«<> 14 Average 


| 


Let =the moment inertia the Fic. 12. 
column 
the moment inertia the floor slab the width, 


the story height 


the distance from center center columns 
hI, 


known, from the theory beams, that the column, AB, which 
subject only force, moment, Ma, must have its point 


inflection from because the column cannot change its 


angle has been assumed. immediately follows that 


> 


Ma = 


find the unknown value, have consider that the incli- 
nation the column with the vertical must equal the in- 
clination the slab with the horizontal line and that, 
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well-known rule mechanics, the change angle between tangents 
Mensch, 


two points beam equals (area diagram moments), 


The diagram moments for the columns and slab shown 


Fig. 14. The area the diagram for column 


Dotted lines show 
deflection of arch 
h after the load is applied 


easily found that the moment any point between and 

The change angle between the points, and again 


and equals (area diagram moments between BC), 


1 
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(4) 


Fig. 14. 


These are practically the same equations found for Case 
modified only the value will assumed that the floor 
the former example in. thick, and that the columns are in. 
diameter. 

ft. 
ft. 


Where columns are also the top the floors, must taken 


one-half the value thus found, or, this case, must 
of 


nts), 
192 
fa h, ¢ + = n) 
. (1) 4 
2 
Th 12 
2 2 
(2) 
(3) 
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Mr. further reduced because the adjacent floor slab increases the re- 


straining influence, and value for about probably correct 


for this case. The smallest column which could used this case 
carry the load 150000 lb. would in. diameter, 


From Equations and obtain 


most cases very small value, and the moments 


may adopted for the design flat floor slabs; the larger the cap 
the greater will the width the floor slab which takes the greatest 
the entire bending moment, and the more certain 
that the arch action actually takes place assumed herein. 

parabolic distribution the entire bending moment over the 
width the floor slab will give working stresses which are the 
safe side, especially neglect the favorable influence stresses 
acting two directions right angles each other (wherein 
Poisson’s ratio enters) and because neglect the fact that the actual 
span somewhat smaller than the distance from center center 
columns, but much greater than assumed the author. 


The bending moment being the total live load for 


inside panels and the total dead load for outside panels) 
not taken the columns alone, but divided between the columns 
and the floor slabs the adjacent unloaded panels, and may found 
follows: 


where without any reduction. The portion the moment 


taken the columns must again divided proportion their 
respective moments inertia between the lower and upper columns. 


example, 104 000 ft-lb. 


Mensch. 


case 


cap 


the 
the 


for 
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Assuming that one-half taken the lower columns and one- 
half the upper columns, each column must calculated for bend- 
ing moment ft-lb., which will cause maximum compression 
the 24-in. columns least 400 lb. per sq. in., which stresses, 
the writer sorry state, are generally neglected, building flat 
floor constructions, even the most successful firms. The fact 
that, although the columns are under high compressive stresses 
lower stories buildings, under test loads, cracks columns. were 
noticed before they were detected the slabs, proving conclusively that 
this arch action exists, and that the columns must calculated for 
bending. 

There still another proof that this arch action exists. The de- 
flection slab floor can introducing, Equation 


Mr. 
Mensch. 


into Equation and integrating twice; then, for obtain 


- 


El, 


Substituting for and neglecting the deflection 


This result inches when and are inches. 
can also shown that strip forming the center square 


which subject moment the center and its ends 
must one-half the amount given Equation and obtain 
maximum deflection the center the square (9) 


Introducing for the value, 1500000, the deflections thus 
lated are borne out tests more closely than for any T-beam 
test which has come the writer’s notice. 

sum up: flat floor slab should calculated for negative 

bending moment over the support (10) 


per linear foot; and for negative bending moment the center 
2 


(11) 
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Mr. 
per linear foot near the side the square; and for moment 


per linear foot near the center the square, provided the columns are 

remains yet shown 
how flat floor slabs are cal- 
culated when the columns are 
arranged the corners rect- 
angles instead squares, 
shown Fig. 15. 


calculated for moment 


Where less than 1.5, the writer’s practice calculate the 


the short span for the width, 2r, and the corresponding 
For greater ratio best calculate the long span 
1? 2 


all other continuous girder constructions, unequal settle- 
ments the supports will produce here great change the stresses, 
and conservative designers will modify the moments Equations 

great change the distribution the moments also caused 
drops the floors, which come now more and more use, just 


over the supports and the 


for the total moments 


the columns, generally square, and thick. The in- 
crease stiffness around the columns increases the negative 


maximum about and decreases the positive moments the 
” 


The flat slab floor with drop great improvement over floor 
with uniform thickness, because the shearing stresses the columns 
are decreased considerably thereby. The actual shear the periphery 
the cap much larger than statics alone would lead adopt. 
The negative moment the columns can replaced vertical. forces 
acting the opposite direction around the periphery the cap, which 
new forces increase the shear the loaded side and decrease the 
unloaded side the columns. Assuming the side the square 


center about instead and 


| 
| 


are 
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cap the new shear one side the 


the shear from statics being 


Turner, Am. Soc, (by letter).—The writer feels 
moved contribute the discussion this subject, which has 
been greatly interested for the last sixteen years, because, the course 
his experience, acquired the design and construction from 
1000 2000 structures this type, varying span from less than 
ft. ft. from center center columns, and built carry 
loads from between and tons per sq. ft., has become 
somewhat conversant with the commercial requirements working 
theory for such flat slab floors. These requirements may stated 
brief two: 

First, necessary know with certainty what test load can 
guaranteed carried the proposed slab without injury, and 
second, what limiting deflection can guaranteed under test load. 
Such guaranty, both carrying capacity and deflection, common 
demand the part those furnishing the money for financing the 
construction proposed building structure; and the conservative 
business man who advances the money, the writer has found 
experience, would usually like bond, which may amount anywhere 
from $5000 $100000, assure him that the structure when com- 
pleted will come the guaranty. 

Consequently, the responsible engineer must have absolute 
knowledge the deflection which his design under load, 
and feasible and practical method determining its strength, 
such will include reliable estimate, within narrow limits, the 
stresses that actually will occur the steel under given loads. 

case working theory can developed along rational lines 
which will include these particulars, its accuracy application 
the general theory elastic materials can readily checked 
measurements the behavior the slab, ascertain first, whether 
its actual deflections coincide with theoretically computed deflections, 
and second, whether the stresses occurring the steel and the con- 
each and every part the slab agree with the results 
mathematical theory. These checks and cross-checks would such 
would render the accuracy the theory unassailable, else would 
stamp mere theoretical absurdity which some its funda- 
mental assumptions does not correspond and take account 
the controlling factors the design. Such complete theory, fur- 
ther, must account for the fact that thick slab will sustain around 
the cap higher shearing stresses per cross-section than thin 
slab, and must indicate what those stresses should be. 
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the experience above referred to, already stated, the writer 
has been called design structures for loads varying from 
between and tons per sq. ft. over full areas, and has been 
necessary for him know with high degree certainty what the 
deportment slabs would for short spans, and for long spans, for 
the limiting practical thickness, and for greater thicknesses, and 
investigate carefully the maximum allowable percentage steel for 
these various thicknesses order that its resistance might ‘properly 
developed the concrete and determine limit beyond which the 
addition greater percentage steel merely waste materials. 

the examination this paper, none these essential commercial 
requirements seems have been mentioned, and evidence whatever 
offered the form experimental determinations show that the 
results arrived have any foundation other than that the mere 
algebraic deductions which the author has based certain assump- 
tions. 

These assumptions and deductions Mr. Nichols appear involve 
the most unique combination multifarious absurdities imaginable 
from either logical, practical, theoretical standpoint. the very 
outset assumes the illogical proposition that the mechanics 
slab and the mechanics beam are identically the same, and then, 
lest this assumption appear doubtful, makes remarkable assertion 
lieu any proof his statement the following words: 

“With whatever industry the powers higher mathematics and the 
mysteries Grashof’s formulas and Poisson’s ratio may invoked, 
they cannot justify result for the maximum stress the steel 
smaller than the limiting value determined this paper.” 

The writer has frequently found that mathematical formulas were 
mysterious and incomprehensible when has tried understand them 
before thoroughly digesting the notation and interpretation the 
symbols used the formulas and the definitions the elementary 
technical terms the discussion. 

Now, the case Mr. Nichols, would seem that the mysteries 
Grashof are mysteries him for this very reason, has appar- 
ently not mastered the notation and meaning the symbols used 
Grashof and other well-known writers the mathematical theory 
elasticity. this the writer refers Mr. Nichols’ abuse the 
greatly over-worked term, “moment,” which used apply many 
different things. The kind moment must specifically understood, 
and defined, intended place different moments equa- 
tion basis equality inequality. Eddy* clearly defines the ex- 
ternal moment forces acting slab beam apparent moments. 
Mr. Nichols designates the apparent moment Eddy specifically 
defines true moment the unit stress summation unit stresses, 


*** Flat Plate Theory of Reinforced Concrete Floor Slabs,’’ 1913, 
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multiplied their lever arm, which, the case reinforced Mr. 
would the unit stress the steel, multiplied the area the 
steel, multiplied its effective lever arm. The form beam, which 
narrow, limits the reinforcement practically one-way reinforce- 
ment considerable width. Hence, beam, the apparent 
moment equals what Eddy would term the true moment. Or, this 
might put another way: The apparent moment equals the total 
effective internal moment, which turn may defined equal the 
true moment plus the moment resistance the equivalent lateral 
effects. lateral effects the writer refers the extent which the 
stress one system reinforcement may offset nullify that 
another system reinforcement co-action interaction between 
the two. Now, beam, due its narrow width, the fact that all 
the bars run parallel each other, these lateral effects reduce zero. 
Hence for the the apparent moment equals the true moment. 
the slab, the apparent moment, M,,* equals the effective internal 
moment which equals the true moment plus the summation 
the lateral effects, and these lateral effects which Mr. Nichols 
inadvertently leaves out consideration his theory, thereby arriving 
results differing from 100 200% from those which would 
logically obtained proper consideration the difference the 
tion mechanics the beam and the slab found the forms which has 
selected for discussion. 

Perhaps the magnitude this surprising error may brought 
out better from consideration the geometrical deformations than 

what Mr. Nichols might term the mysteries Poisson’s ratio. 

Fig. ordinary plan view the writer’s standard construc- 
tion which the slab rods are the bottom the slab between the 
supports and the top the slab over the supports. Fig. plan 
the and sectional elevation the slab, showing its deformation under 
uniform load somewhat exaggerated. 

When the load applied, the slab deflects, and, reason its 
action circumferential cantilever, for wide areas about the column 
centers, there radial deformation the section shown, which may 
termed which elongation the top fiber.and shorten- 
ing compression the lower Now, the deflection being rel- 
atively small, this difference length measured the neutral 
surface before and after bending, would for approximate compar- 
ative purposes negligible. Hence it. must concluded the 
necessary relations the deformations that the total cir- 
cumferential elongations the upper surface are substantially 
or, roughly, times great the radial deformation. 

Referring Fig. 16, the lower corner, the formation 
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concentric octagonal polygons one within the other, has been 
tuated shade lines, and becomes evident that the deformation 
the resisted directly the radial resistances offered 
materials and also the circumferential stresses this 
series concentric polygons, thus providing two kinds support 
which, under the principles least work, the load may carried, 


SLAB RODS ACTING CIRCUMFERENTIAL FRAMES 

RESIST CIRCUMFERENTIAL DISTORTION 


Fic. 16. 


whereas either the simple continuous beam there only one 
kind support. 

The determination the load which would carried these 
respective resistances would (in with the principles 
least work) proportion the rigidities the resisting parts. 
However, unnecessary, for the purposes this discussion, 
into the complete quantitative analysis the efficiency these two 
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systems which appear the cantilever portion the slab, the 
object attained pointing out the existence these two systems 
which load may travel its support, which constitutes part 
the fundatnental difference between slab theory and beam theory, 
difference which has been totally overlooked Mr. Nichols. 

The analogous action the diagonal belts near the center the 
panel brings out still more clearly the difference between slab theory 


DIAGRAM ILLUSTRATING THE 
DEFORMATION FLAT SLAB 
UNDER LOAD 


Fic. 17. 


and beam theory (or its equivalent), applied this part the 
structure. This difference may treated perhaps better rough, 
general manner pointing out the analogy between the simple Pratt 
truss and the beam homogeneous material the manner which 
the flange stresses inerease toward the center. Pratt truss, for 
instance, having end panels with parallel chords, flange stresses are piled 
accumulated toward the center, the following laws: 
The end chord stress (tan. 6), the second panel (V, V,) 
(tan. 6), the stress the third panel (tan. 6), ete. 
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Now, place having single truss carry the load, there 
are two trusses intersecting 90°, forming diagonals between supports, 
slab, and there addition the the trusses are 


stayed laterally the panel points heavy compression members, 
similar posts the truss normal the first, there results the condi- 
tion that the top chord stresses cannot accumulate toward the center 
accordance with the law just mentioned, the deformation the 
direction the line the chord would cause corresponding deforma- 
tion the lateral braces, and hence there would two paths which 
the load could travel, one ring-like compressions around the squares 
formed the braces, and the other direct stresses. the bottom 
chords were also connected series ties similar the struts 
assumed the panel points the top chord, their action would like- 
wise similar reducing the accumulation bottom chord stresses, 
thus furnishing two systems for the load travel the support. 
like manner, the stresses the main line reinforcement the cen- 
ter the slab may reduced amount the neutralization the 
stresses one truss direct interaction the stresses another 
truss normal it. For such system becomes apparent that one 
could not have the same tensile stresses the center, and the cross- 
section metal, therefore, need not great required the beam 
theory. 

the slab having sufficiently wide belts two-way reinforcement, 
combined with the there complete system lateral struts 
and ties provided the diagonal belts, without the addition more 
material, and hence consequent reduction the stresses involved 
the steel. 

referring the wide belts, may observed that with rein- 
forcement two directions crossing each other right angles, ten- 
sile stresses are provided for all directions, they may readily 
resolved into components parallel one system rods the other, 
and the continuous concrete forms strut which performs the func- 
tions the suggested braces the diagonal trusses assumed above 
for purposes illustration. 

little consideration these elementary geometrical relations will 
fully convince Mr. Nichols the error the treatment proposed 

him.. These and interactions between different belts re- 
inforcement have been treated highly and exact manner 
Dr. Eddy, his recent work the “Theory Flexure 
and Strength Flat Concrete Floor Slabs,” previously referred to. 

This discussion would incomplete did the writer not mention one 
the many absurdities involved Mr. Nichols’ paper, from the prac- 
tical standpoint; this the remarkable assumption that any differences 
between limiting stresses which Mr. Nichols assumed must 
exist and those which actually occur the practical building, must 


ie . 
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due the fact that warehouse never loaded its capacity. 
the man who has designed many such buildings and seen hundreds 
them use, such assumption most interesting absurdity. 
fact, the experienced constructor who takes pride his work and 
guarantees it, never allows himself entertain such comfortable 
delusion. the contrary, inclined figure carefully the 
story heights the building which requested construct for 
warehouse purposes, determine whether there room enough be- 
tween the floor and the ceiling store more than double the rated work- 
ing common commodities throughout the floor. all 
localities where building ordinances are not force, the warehouse- 
man who rents structure for storage purposes naturally proposes 
make produce the greatest possible revenue, that, takes 
contract for storing many hundred thousand tons sugar, his 
method loading pile the material the floor, commencing 
the most distant point from the elevator and filling solid from 
floor ceiling. If, such structure, the designer can calculate 
that possible get between the floor and the level the ceil- 
ing, more than twice the rated the building, justified 
suggesting either that these story heights decreased that the 
design working loads for the proposed building increased. The 
writer makes this statement advisedly, for the reason that has 
been called report, more than one occasion, the question 
how much material could stored given building without 
actual collapse. has found, investigation more than dozen 
warehouses, that loads more than double the rated working capacity 
have been stored for from months without permanent injury 
the construction, and over the full area the slab, over large 
number adjacent panels; and accordingly, the light this ex- 
perience, when engineer suggests the possibility that such floors may 
never overloaded, loaded their full capacity, feels that the 
brilliant originator such idea should out and visit few 
ordinary warehouses and become somewhat familiar with commercial 
conditions before presenting ludicrous suggestion and one which 
likely mislead the novice design. 

the foregoing statement should borne mind that the 
warehouses referred having been over-loaded were designed using 


bending which coefficient took into considera- 


tion the lateral effects the four-way reinforcement. The unit stress 
used was 000 per sq. in. for live load plus dead load. the dead 
load taken one-third the live load, and the live load doubled, 
the working stress would times 13000, about 22000 Ib. per 
very reasonable and moderate working stress for medium 
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steel having yield-point value least lb. per sq. in. 


Mr. Nichols’ discussion correct, and this coefficient should 


instead becomes evident that, instead having working 


greatly exceeding the yield-point value the metal, and that, ac- 
cordingly, Mr. Nichols’ method computation correct, the 
structure could not have sustained such load without permanent 
deformation the steel. 

Looking Mr. Nichols’ paper the light attempt apply 
the impossible beam theory the flat slab, presents practical 
absurdity the manner which has been applied. Mr. Nichols 
proposes, quite properly, considering his clear span, take out 
portion the diameter the cap, thus reducing the clear span, 
Now, for continuous beam—and understood that pro- 
poses treat continuous slab his theory—the moments for 


indefinite number spans are the support, and 


the center. Splicing the rods over the head rapidly increases the metal, 
and any provision for shear which essential for practical safety 
increases the metal at, and the vicinity of, the supports. Such in- 
crease metal increases the cantilever effect, thereby changing even 
for continuous beam the relative moments that would true apply 
beam uniform section, the central portion. Why, then, should 
assume for such combination that uniform stress all the metal 
throughout should limit value less than the mean the 
moments the support and the middle? The proof this proposi- 
tion does not seem all clear the writer, from anything which 
brought out the paper, and, fact, inclined that 
the results arrived at, even beam theory, are due partial rather 
than complete application the principles statics. 

The various published tests extensometer measurements slab 
rods where four belts are used show that the stresses the rods 
the diagonal belts are smaller the center these belts are 
those the rods the direct belts the center the span, the 
beam theory governed the distribution the load the respective 
belts, the stress the steel should evidently the same the center 
the diagonal belt the center direct belt, for uniform load, 
and, when actual measurement shows difference between the stresses 
measured and the beam theory, assumed apply, nearly 
approximately 70%, this difference fair measure the lateral 
action the rods the diagonal belt which not accounted for 
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beam theory. This fact brought out, not only 
for the writer, but those carried others.* 

considering these remarks the writer may add that while this 
criticism, though incomplete, may seem somewhat severe, should 
borne mind that complete and correct mathematical treatment 
flat plate floors, from the theoretical standpoint, decidedly difficult 
matter. The writer has handled this problem successfully method 
experimentally determined coefficients, which amounts using the 
method design proportion utilized with such 
sults trade guilds associations the Dark Ages the pro- 
duction monumental works masonry and arches which stand 
unexcelled to-day. This method, however, admittedly not satis- 
factory complete rational analysis along conventional lines. Not- 
withstanding the fact that the writer has devoted more less time for 
the past years attempting develop such theory, has failed 
doing so, and would probably still work had not the prob- 
lem been solved satisfactorily Dr. Eddy, Professor Mathe- 
and Mechanics, Emeritus, the University Minnesota, and 
Dean the Graduate School Engineering that institution. 
the writer’s request, Dr. Eddy has submitted short discussion, 
endeavor elucidate some these simple relations which Mr. Nichols 
refers vaguely the mysteries Grashof’s formulas. 


timely and important. these days, when systems are springing 
with rapid growth, based nothing but tests that satisfy only the 
promoters these systems, and builders who are anxious put 
structures rock bottom prices, well get the base things, 
and scrutinize the theoretical ground which such purport 
based. 

There was time when theory did not bother the 
considered his guaranty sufficient hush all critics and awe the 
boldest them. Sundry wrecks have opened the eyes the public 
and engineers, and more less research being conducted dis- 
what wrong. 

the early formulas for reinforced concrete beams, tension the 
concrete was frankly used for its full value. The possibility crack 
just where the tension the greatest did not seem impress these 
theorists. Now, instead using the tensile value the concrete, the 
neutral axis the beam simply raised, and the allowed compression 
the concrete increased—just another way doing the same thing— 
for tests locate the neutral axis not find much, any, 
above the center the depth the concrete beam. The theorists place 
the neutral axis very high, especially T-beam, which, course, 
great advantage the commercial builder reinforced 


* Proceedings, National Assoc. of Cement Users, Vol. 4, 1911. 
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The loads specified for buildings are usually greater than the buildings 
will receive, that proper designs are made this basis not 
great deal harm need result. Engineers, however, building struc- 
tures for rolling loads, should look deeper into the subject, they 
want build permanently. 

slabs supported posts, the tensile strength the concrete 
plays still greater part static tests than does beams, because 
the tension acts all directions. Besides this, when interior bay 
tested, the aid rendered the surrounding idle bays great. 
casting about for plausible theoretical excuse, was found that 
the neutral axis could not raised notch higher, hence, Poisson’s 
ratio was drafted into service. When metal tension one direc- 
tion, extended that direction, and contracts direction normal 
thereto. now stress applied normal the first, will tend 
reverse the contraction that direction and reduce the extension 
the other direction. the theory that stress proportional ex- 
tension so-called strain, argued that the tension one direc- 
tion, diminishes the effect the tension normal thereto. This the 
basis Poisson’s ratio. purely theoretical. 

The writer has never found engineer who was willing use 
hollow sphere under internal pressure, the most perfect case imag- 
inable; fact, spherical bottom tanks, instead being made about 
half thick their tension would indicate, are commonly made 
twice thick, difference about 400% from what this theory would 
sanction. much for Poisson’s ratio and confidence the same, 
where the ratio really applicable, has any application whatever 
designing. 

There are two experimental cases where Poisson’s ratio might seem 
have some meaning. These are doubtful, however. material 
that draws out like steel before ultimate failure, the ultimate strength 
raised stresses that prevent the “necking” the specimen. This 
exhibited notched grooved tests. This has nothing with 
the action under stresses within the elastic Glass, which 
elastic failure, does not appear exhibit this increased 
ultimate tensile strength, will shown later. The other case 
where pressure applied small area the center broad flat 
stone other similar substance. Much more pressure can sustained 
than small cube, account the crowding the material. 

There one place where Poisson’s ratio has application, 
and that the stéel rods reinforcing flat slab, the very place 
where has been called bolster false theory. The stress 
steel rods reinforcing can only the direction the axis 
the rods. astonishing what misapprehension exists regard- 
ing this subject. Some writers appear think that Poisson’s ratio 
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some mysterious thing virtue which flat plate supported 


circular stresses, due the dishing. 

stated Mr. Nichols, the tests flat slabs have been generally 
applied single interior panels. Sometimes two three interior 
panels are tested. There are recorded tests isolated panels 
with the load the square enclosed the columns, and none 
exterior panels, except where the outer edge was supported girder 
Furthermore, there are tests flat slab construction 
where load was placed all panels across building. This is, fact, 
critical loading. the criterion, which, applied the commer- 
cial systems, will show clearly their inadequacy. the writer has 
pointed out,* flat slab rows posts better than the same 
slab parallel lines girders, fact, not good. The tendency 
for fully loaded slab take cylindrical shape between two lines 
posts, would between two lines girders. Applying this 
criterion, the bending moment midway between columns found 


and the line column heads the total being 


compared with Mr. Nichols’ the support 


rigid ring around the head the column. His analysis shortens the 
span reason the assumption that the support this ring 
the head the column. This shortens the effective span 
and would make the writer’s moment 0.0946 compared with 
his which accounted for the omission the load 
the head the column. observed that this the smallest 
possible moment resisted; the combined sections, and 
Cases appear smaller, but this only because more sys- 
tems rods cross these sections. observed, also, that 
these systems rods the lapping must extend sufficient distance 
beyond the section, and the curved line, develop the full 
strength the rods. further observed that this moment 
several times great that analysts who wrongly use 
Poisson’s ratio. 

The writer recently made some tests investigation the 
stresses flat plates supported posts. The material used was glass. 
This material was chosen because elastic the point failure 
and will not sag bag under load. Test No. (Fig. 18) shows how 
central load interior panel acts. The glass was in. square 
and about 0.09 in. thick. The sixteen circles represent wooden blocks, 
in. diameter, which acted posts. The load was balanced 
similar block the center. The sheet glass was held down blocks 
over the sixteen posts. load lb. caused failure. Test No. 
(Fig. 19) shows similar piece glass, similarly conditioned. 


Engineering News, February 29th, 1912, 
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the three blocks and there was placed total load 
when the glass broke. This sheet was not quite thick. Evaluating 
the load the same thickness the other sheet, the assumption 
that the strengths are the square the thickness, this load would 
1573 Instead being three times what the interior bay carried, 
this only about times much. This indicates that, even 
brittle substance which does not sag and act suspension, the sup- 
porting power interior bay indication the supporting 
power row bays. 

The general trend the breaks Test No. direction 
line through indicates clearly the tendency the slab 


TEST NO.1 
18. 


assume cylindrical shape under loads row panels. any 
load would cause dishing the middle panel, would center 
load; but this dishing effect practically nullified consecutive panel 
loads, that the mainstay some theorists destroyed. 

will seen the lines the breaks Test No. that the 
glass broke all directions the center, where the load was applied 
and where the maximum intensity stress evidently existed. Why 
did not conjugate stresses reduce the effect stress this point, 
the theory Poisson’s ratio would indicate? Calculations of. the 
modulus rupture some other tests the series, which were smaller 
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sheets supported fqur posts, did not give results greater than for 
plain sheets simple bending, spite the aid which conjugate 
stress said give. 

element that read into the slab itself (from the 
results tests) the bending resistance the columns. The columns 
building are not calculated for bending, but, under test load 
the slab, they are only partly loaded, and can offer aid the slab. This 
aid should not counted on. dangerous low struc- 
ture bridge, where the full capacity column apt 
reached. 


TEST NO.2 
Fic. 19. 


There is. doubt the fact that large measure the high 
showing some tests flat slabs reinforced concrete due the 
tensile strength the concrete. Tests brittle material are there- 
fore appropriate investigation such flat slabs, especially where 
rolling loads shocks are considered. Shocks brittle material (con- 
under tension) may cause rupture after months years use. 
What would happen proposed freight terminal, flat slabs, when 
the shocks have cracked the concrete, and the steel receives its full 
stress, long load down the middle the slab causing act 
bending cylinder, the calculated steel stress being about the elastic 
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There nothing the flat slab commend for rolling 

would well Mr. Eddy could induced make 
reply the following criticisms his theory. The writer has repeat- 
edly made these criticisms publicly, but, far knows, reply 
them has ever been made. Such responses have been made have 
been evasive, and some have appeared aim throw veil obscure 
over the subject, confuse and tire the reader. 

Flat plates are being pushed the front, more less. The ordi- 
nary practising engineer has right know the mysteries the 
subject, there are any, order have them dissolved. 

Mr. Eddy’s analysis for interior bay floor indefinite 
extent, all uniformly loaded. Why not take bay that alone loaded, 
and not surrounded balancing Why not take exterior 

Mr. Eddy regards the steel reinforcement “distributed thin 
sheet uniform thickness.” This far from the fact that his 
deductions based that assumption are value. conceivable 
that thin sheet metal can pulled all directions, and that 
tension one direction will cause contraction directions normal 
thereto; but, when substitute for this sheet set independent 
rods right angles each other, the condition entirely changed. 
not conceivable that concrete could take hold rod and its 
adhesion pull right angles its axis, reducing the effect tension 
the rod. 

There positively way get around the fact that, Poisson’s 
ratio acts reduce the tension the reinforeing rods flat slab, 
must act solely through the medium the concrete, there 
other medium between the transverse sets rods. Plainly stated, this 
means that the tensile stresses required resist the moments found 
Mr. Nichols, over and above those taken the steel rods, are taken 
the conerete. Mr. Eddy implies that these are “indirect” tensile 
stresses, and says that they are “precisely the same kind are always 
found act concrete beams.” But building codes, and 
specifications, and practice, and even books, forbid reliance these 
tensile stresses resisting bending moments beams. Why should 
there this discrimination favor the flat slab? Strip its 
reliance tensile stresses the concrete, and what left? 
commercial flat-slab design would stand. Will Mr. Eddy, any other 
champion that system, attempt deny this? so, here con- 
crete case: Given two rows columns and flat slab over their tops, 
acting viaduct carry railroad track midway between them: 
Suppose the jarring the moving load has cracked the slab down 
the middle the track that contraction the concrete has produced 
the same result. Now apply any commercial flat-slab theory with its 
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“interior-bay-surrounded-by-balanced-loads” species analysis. Next 
apply the theory flexure this slab—a simple beam supported along 
two lines (the rows columns), balanced beyond these lines with dead 
load The bending moment along the crack simple and per- 
fectly definite. All the tension resist this bending moment must 
taken the steel. the slab has been designed 
any commercial flat-slab theory the stress the steel will found 
such that failure would looked for. Until the flat-slab theorists 
and champions can deny this, would better not use flat slabs 
for bridges rolling loads. 


Ese. (by fundamental erroneous as- 


sumption this paper appears its first sentence, which should state 
that statics imposes certain lower limits the apparent applied forces 
that are resisted the reinforcement flat slab floor. 

assumed, apparently unconsciously, the author, that this 
statement equivalent that made the paper, for the entire dis- 
cussion the paper hinges the correctness equating the apparent 
applied moments the moments resistance the actual tensions 
steel reinforcement, method procedure which entirely correct for 
beam, but wholly misleading and entirely for slab, will 
appear from the following discussion true and apparent bending 
moments plate slab reinforced either the various ways 
considered the paper. 

The source the error appears the author’s statement regarding 
Grashof’s formulas and Poisson’s ratio. 

Such statement entirely unwarranted, accordance 
with the generally accepted principles the theory elasticity. 
There nothing mysterious about Grashof’s fundamental formulas. 
They simply express mathematically the experimental fact that, when 
solid piece elastic material elongated under the action 
applied force, the material undergoes the same time lateral con- 
traction, the amount which expressed Poisson’s ratio. That 
fact, the writer assumes, would not denied the author. 

The fundamental equations extensional stress and strain thin 
flat plates and slabs, given Grashof,+ and accepted all author- 
ities the theory elasticity since then, may written the 
forms: 


Professor Mathematics and Mechanics, Emeritus. College Engineering, Uni- 
versity of Minnesota. 


+ E. Grashof,. * Theorie der Elasticitiéit und Festigkeit.”’ p. 352, 2d Edition, Berlin. 1878. 
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which and are the external applied apparent stresses per 
unit area cross-section the plate reinforcement the slab 
which act parallel the axes and respectively, these latter lie 
the neutral plane the slab, and are parallel the edge the 
panel; and and are extensometer elongations the plate slab 
reinforcement per unit. length parallel respectively, while 
and are the corresponding true stresses the steel. Young’s 


and Poisson’s ratio lateral contraction linear 
elongation. Any piece material which subjected stress, and 
such shape that more than one its dimensions considerable, 
must have its stresses and strains considered with reference lateral 
contraction. This the case plates and slabs, not the case 
rods and beams, 

the foregoing equations, He, and He, are the true stresses per 
square inch section reinforcement acting along the lines parallel 
and respectively, whatever and may be. These latter are 
the cause true stresses, but are not themselves the values the true 
stresses, case rods, where one dimension only large. 
These equations show that the elongation, e,, the direction 
and not dependent alone the tension, p,, applied that 
direction, for diminished any tension, p,, acting along 
that any tension, p,, assists the piece resisting the elongation 
along and makes able endure larger applied stress, p,, 
with the same degrees safety, that is, with the same percentage 
elongation true stress; but equally true that any compression, 
reduces the safe value which may applied it. These 
principles are not with those which hold for rods and 
beams, the lateral dimensions which are small compared with their 
lengths. This divergence between the true stresses, shown actual 
deformations, and the apparent applied stresses, fruitful source 
error the attempted computation slabs. Equations (1) 
their present form apply simple extensional compressive stresses 
and strains, but may extended apply bending slabs, the 
following manner: 

Take the cross-section the reinforcement per unit width 
slab when the actual reinforcement regarded distributed 
thin sheet uniform thickness, and let the vertical distance 
from the center the reinforcement the center the compressional 
resistance the regarded fraction, or, the distance 
from the center the steel the top the slab. Then 


are the apparent bending moments the applied apparent stresses, 
and p,, per unit width slab, tending, when positive, cause 
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lines which, are straight and parallel and re- 
spectively, become convex downward. 
Again, Ee, Ajd and Ajd =m, 
are the true bending moments the actual resistance stresses the 
reinforcement per unit width slab, shown the extensometer 
strains the steel parallel the axes and respectively. 
Multiply Equations (1) through Ajd and substitute the values 
given Equations (2) and (3), from which obtained the following 
relations between the true and apparent bending moments the slab: 


These equations bring out striking manner the essential divergence 
correct theory slab action from that beam action which 
latter case there are the well-known equations, and 
m,, that is, the moment the applied forces equal the moment 
the internal resistance, which not true slabs. 

All attempts base the computation bent slabs beam action 
are necessarily erroneous, for wholly inapplicable and misleading. 
Deflections and stresses slabs cannot computed correctly any 
form simple compound beam theory. 

Equation (4) shows: 

points where the apparent moments, and m,, are 
the same sign (as, for example, the convex part the slab near 
the columns and also near the center the panel), the true bending 
moments, and m,, which determine the true stresses the rein- 
forcement, are less than the apparent bending moments which the 
latter have been ordinarily assumed (according the beam theory) 
determine these stresses. 

2d.—That the compressive stresses the concrete around the 
column cap are determined the same principles, and are conse- 
quently reduced accordance with the value considerable 
percentage below values corresponding and the beam theory. 

3d.—That the points where and have different signs, they 
have, for example, the middle part the space directly (not 
diagonally), between the heads, the values the true bending 
moments are larger than the apparent moments found the beam 
theory. 

the results this the fact, which also completely 
confirmed extensometer tests well theoretically, that. the 
greatest actual extensions and true unit stresses the reinforcement 
slabs, ordinarily arranged, occur the mid points the rein- 
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rods which run directly between the column heads parallel 
the sides the panel and not oceur the diagonals, the center 
the panel where and have their greatest values. Further, with 
suitable laps, the true stresses the are not large 
over the columns the points just indicated. Neither these con- 
clusions accordance with the beam theory, implied ordinary 
formulas adopted for practice. 

requirement statement the bending moments 
any point slab must state which kind bending moments 
for, the true bending moments the apparent moments, with 
the understanding that the true bending moments only are used 
determining cross-sections steel. Any requirement seeking 
proportion the cross-sections steel apparent stresses and moments 
incorrect. 

evident from Equations (1) and (4) that Poisson’s ratio, 
plays important réle the theory flat slabs and plates. Few 
attempts have been made determine directly measuring the 
amount the lateral contraction accompanying the elongation test 
specimens, and, were such measurements made, the relative dimensions 
the cross-section the specimen would need considered 
affecting very complicated way the true value derived 
from observation. Reliable determinations usually depend 
observations Young’s modulus elasticity, and the shearing 
modulus elasticity, 

proven, the general theory the deformation isotronic 
solids, that all the elastic properties any such solid are de- 
termined without excess defect its values and 
and that Poisson’s ratio function and expressed the 
equation 


There evidence show that, for concrete, approximately 
For steel, known that nearly. 

Now, evident that horizontal slab reinforced concrete, 
which the reinforcement consists rods, differs from one which 
the reinforcement considered simple uniform sheet metal, 
this, that the former has much less shearing rigidity resisting 
horizontal forces than the latter, for all stresses transmitted from 
one band belt rods any other belt crossing are transmitted 
through only, not the case the reinforcement consists 


*Merriman’s Mechanics 10th Edition. 1911, Equation (181), 466. 
+Turneaure and Reinforced Concrete Edition, 1912, 272 
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must used the foregoing equations reinforced concrete 
slabs must exceed 0.3, the value required case the reinforcement 

may objected that the transmission longitudinal stress 
from the rods one belt laterally those any belt crossing 
involves secondary stresses the concrete which are not justified 
untenable, evident from the phenomena exhibited the flexure 
reinforced concrete beams, which show that the concrete retains 
its shearing bond with the reinforcement and transmits horizontal 
shears secondary stresses the neutral surface and the con- 
the zone compression long after has passed the limit 
its tensile strength. Were otherwise, reinforced concrete beams 
would practical utility. Action this kind likewise 
the concrete slab where the bond between the concrete 
and the belts rods embedded bring them into co-action with 
each other manner like the co-action the parts reinforced 
concrete beam. 

This analysis the conditions affecting the value for rein- 
forced flat slab differs radically from assuming random that because 
for steel alone and 0.1 (possibly) for concrete alone, 
that therefore some intermediate value may correct for these 
two materials combined slab. Such assumption merely blind 
guess, and has rational basis. 

already partly stated, the view here put forth this: Since, 
any homogeneous, isotropic, elastic material, the experimental values 
and perfectly define all its elastic properties, and since are 
evidently liberty assume our flat slab sufficiently fine grained 
its structure act nearly like slab constructed some sort 
homogeneous materials, will possible determine certain mean 
values and which will define its elastic properties. is, more- 
over, evident that slab, where two kinds elastic solids are com- 
bined they are here, the mean value for the combination 
affected much more the concrete than which latter may 
taken that applying the steel alone, and, consequently, un- 
changed the combination. otherwise, however, with be- 
cause the arrangement the combination such require the 
assumption value lying somewhere between that for steel 
and that for the latter value much less than the 
former, the mean value smaller than for steel alone. 

This reasoning and other independent theoretical and kinematical 
considerations have led the same conclusion, namely, that the cor- 
rect value for the slab larger than 0.3. 
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Assuming 30000000, may compute the corresponding 
values and from Equation (5) follows: 


perfectly complete and accurate mathematical theory the 
flat slab were our disposal, might consider every experimental 
test the deflection such slab, and every extensometer measure- 
ment its reinforcing rods experiment for determining the 
numerical value deflections and extensions would then all 
known functions Having brought such rational theory 
somewhat satisfactory degree perfection, the writer finds that, 
the light all known tests cantilever flat slabs, the standard 
mushroom type, with four-way covering the entire slab 
area, the value that best satisfies all conditions is: 


possible that this value the constant, for slabs may need 
some slight modifications hereafter, but for the present this may 
regarded substantially correct for such slabs. may found 
necessary assume somewhat different value for other forms 
structures, as, for example, beam and girder construction. That, how- 
ever, must determined later. Moreover, must said that this 
value applies tests slabs from months old, and under 
loads which have been applied 


such relatively soft concrete 

this for period usually 

maximum stress the steel 

from 10000 20000 Ib. per 


sq. in. Less loads better 
cured longer time 
under load, may possibly show some deviation from this value 

How important factor slab theory evident consider- 
ing Equations (4) which show that square panel, uniformly 
loaded, the true moments, shown the elongations the rein- 
forcing rods the center the panel, and over the centers the 
columns, are only one-half the corresponding apparent de- 
rived from considering the moments required hold the applied forces 
equilibrium, this being the assumption, course, that 

further and somewhat more elementary consideration the ques- 
tions issue may put the matter clearer and facilitate the 
discussion. 


20. 
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Let Rig. 20, any stiff diamond frame (which for the 
present will assumed made steel) such that the joints 
the corners are unknown stiffness. The sides, too, are unknown 
inclination and cross-section. addition, let tension member 
known cross-section, and compression member, also 
known cross-section. 

known tensions, were applied the corners, and would 
impossible, under the determine the laws 
statics alone what stress would occur long the 
relative dimensions, inclination, cross-sections, and other structural 
properties the parts the diamond frame are unknown hidden, 
absolutely impossible mere statics find out how much the 
applied forces, are resisted the tie, the strut, and 
any attempt correlate these forces with the stresses such basis 
would entirely without foundation. 

default any structural data respecting the diamond frame, 
the only recourse would experiment the properties the pro- 
posed arrangement. Now, this precisely what occurs the rein- 
concrete slab. The known members, represent 
parts the reinforcement, and the diamond frame acts like the matrix 
which they are embedded. The properties the matrix 
combination with the are not readily amenable 
analysis, and the mechanics its action largely hidden from view, 
but, whatever may be, not difficult discover the general nature 
its action. 

What this is, evident from careful consideration what goes 
simple concrete beam reinforced with steel rods near its lower 
surface. Though not permissible consider direct tension the 
concrete element strength, not only permissible but neces- 
sary consider the bond value the shearing stresses the concrete 
enclosing the rods, well the horizontal shears the beam. These 
last, fact, are absolutely essential the action the beam order 
transmit the tension the steel the bottom parallel position 
vertically above where can neutralized and held equilibrium 
the compressions the concrete the upper part the beam. 
However, such shears, vertical and horizontal, are here admitted 
exist, constitute state stress the concrete which indirect 
tensions and compressions exist planes inclined the planes 
shear. thus appears that, though direct tension may not relied 
element strength concrete, the same not true in- 
direct tension, which not only admissible but always necessary 
for beam action. 

Now, slab, just such indirect tensions and compressions occur 
the distribution stresses laterally the concrete occur the 
beam distributing them vertically, and means them that 


Mr. 
the 
ntal 
ure- 
the 
hat, 
lard 
slab 
(6) 
need 
this 
nder 
rein- 
the 
the 


Mr, 


1712 DISCUSSION REINFORCED CONCRETE FLAT SLAB FLOORS 


horizontal stresses one direction the slab are brought into co- 
action laterally with stresses other horizontal directions without pro- 
ducing what would otherwise their full effect the steel. other 
words, the matrix represented the diamond frame, acts 
such way resist part the applied without itself 
undergoing anything except permissible indirect stresses such occur 
beam action. way, the horizontal dimensions slab play 
part reduce both direct and indirect stresses analogous 
the reduction such stresses reason its vertical 
dimensions. 

Here element strength and resistance the slab hereto- 
fore entirely disregarded, but one which must 
unavoidably reinforced beams. cannot neglected one 
case cannot the other, any rational analysis the factors that 
must taken account the behavior slabs when considering their 
strength and resistance. 

The final effect this analysis show that, although direct 
tension concrete not admissible, and not counted 
element strength, the unavoidable indirect tensions the concrete 
are such play most important part resisting the applied 
forces; and that, consequently, the reinforcement called resist 
only part the tension which caused the applied forces. The 
reinforcement may regarded sense protected the concrete 
from much the tension would compelled sustain were the 
not thus co-acting with it. The divergence results reached 
Mr. Nichols and the writer largely due this consideration. 

The conclusions arrived this discussion which have not been 
heretofore explicitly summarized may stated follows: 

attempt derive the stresses multiple-way reinforce- 
ment slab from the equations statics futile, and cannot pos- 
sibly lead correct results. 

2d.—This not merely because the applied forces given di- 
rection are only partly borne reinforcement that direction and 
partly all the lateral reinforcement there. may other direc- 
tions (even that right angles), but. because the bond the con- 
crete and steel necessarily calls indirect stresses into action the 
which help resist the applied forces, such indirect stresses 
being precisely the same kind are always found act rein- 
forced concrete beams. 

method co-action steel and concrete gives war- 
rant whatever for the assumption that ever safe proper 
rely unreinforced concrete for resistance direct tension. 

one-way reinforcement the direction the ap- 
plied forces, the concrete element strength, reason its 
compressive resistance right angles this direction, even though 
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the may full hair cracks right angles the applied 

that the steel can co-act efficiently with it, cannot 

subjected tensile stresses beyond certain limiting intensities with- 

out cracking. 

6th.—Every safe have reinforcement its ‘face. 
near where tensile forces act, order co-act with the concrete 
resisting them without prohibitive direct tensions the concrete. 

instance this co-action too frequently overlooked that 
the steel column heads, which, sufficiently stiff, prevent 
prohibitive tensions the concrete across the the slab over the 
side belts the panels, even the considerable distances the 

its total effect concrete, the ac- 
tion indirect stresses, just developed, separates the resistance 
the applied tension into two parts, one resisted the reinforcement, 
and the other the concrete, requires the presence the steel 
order, develop any tensile resistance the concrete, and when the 
steel not present, direct tensile resistance whatever 
ascribed the concrete. This believed entire accordance 
with good practice, and with the consensus opinion among responsi- 
ble engineers, well accordance with most city ordinances 
the subject, and principle that should adhered to. 

Consider the case rectangular slab supported its four edges 
frame consisting less flexible girders, resting 
columns its corners, and reinforced two-way diagonal rods. 
ordinary slab with four-way reinforcement which lies between the 
lines inflection. 

When uniformly centrally loaded, its concave shape really 
the combined effect two hollow troughs superimposed each other, 
each extending across the slab right angles the other and parallel 
the sides, giving sort groined effect upside down. Now, 
clear that plate slab when bent this shape much stiffer than 
the same slab bent into the shape single trough, like simple 
beam across one way the slab, because each the troughs exerts 
resistance the bending that produces the other. 

For the moment, this increase stiffness due the resistance 
arising from the interaction these two troughs may designated 
slab action. What circumstances tend make the bending such 
that one these troughs intensified the expense the other? 
would that slab plate resting two rigid walls 
along its opposite sides would have single cylindrical trough between 
the walls, shape like that the deflection curve simple 
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beam. If, now, place each wall, each two edges should 
supported row columns, the distance from center center 
which small compared with the width between the rows, this 
would accomplish nearly the same thing. 

thus appears that any single panel having length which 
great compared with its width, the trough and deflection lying 
between the ends the longer span would much larger than that 
between the sides, and this trough that extends across the width 
the slab tends much more strongly than the other gain the upper 
hand and extinguish the one opposed it. This larger trough 
reduced somewhat, and the deflection diminished somewhat below what 
would occur simple beam the long way the slab, the trough 
extending lengthwise the slab, and this crosswise trough will 
obliterated very large extent. 

Now, not necessary state that the railroad bridge proposed 
Mr. Godfrey has its long spans lengthwise and not 
the track, but, has just been shown, the principal bending due 
the long spans tends strongly obliterate the crosswise bending; and 
yet Mr. Godfrey states that the slab bridge will necessarily crack 
lengthwise the track. The writer has just shown that this could 
not possibly oecur until long after the slab had given way yielding 
following cracks across the width the slab, such would im- 
possible properly designed bridge. 

Mr. Godfrey misleading his statement the writer’s position 
respecting direct and indirect tensile stresses concrete and their 
action, and does not that the writer strongly opposed 
relying direct tensile stresses concrete is. The writer, 
however, insists the reliability the shearing bond between re- 
inforeing rod and the which embedded; and assumes, 
further, that Mr. Godfrey agrees with him this. 

Now, shear the concrete any plane lengthwise the rod, 
according the fundamental principles stress, implies indirect 
tensile stress the concrete direction 45° with the axis 
the rod. the action the bond shear producing this indirect 
tensile stress diagonal direction that the writer has been con- 
sidering, and not, Mr. Godfrey states, tensile stress the concrete 
right angles the rod. nothing that the writer has stated 
there justification for assuming any tensile stress the concrete 
perpendicular the rod. What has assumed, however, is: that the 
same concrete that has shear bond with one set rods has the 
same time shear bond with another set rods perpendicular the 
first set, and that the indirect diagonal tensile stresses due exten- 
sion the first set rods would tend produce compressions 
the second set, which perhaps may not become effective the second 
set, actually produce any compression it, but does become effec- 
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tive once when the second subjected elongation, and will 
inevitably act resist elongation the second set. thus comes 
about that slab with multiple-way reinforcement, where all the 
rods given area are tension, they interact means the 
bond shear the manner that insures results the 
same nature those found solid plate. also found that, 
even cases where direct tensile stresses the have caused 
eracks right angles the rods, which have certainly destroyed its 
tensile strength, the shear bond still mostly intact and the action 
previously described not diminished such extent this fact 
prevent from reducing materially the stresses which must other- 
wise exist the steel. thus appears that diagonal indirect tensile 
stresses, which have component parallel direct tensile stresses 
the steel, carry part the steel stresses, without thereby calling 
the concrete for any direct assistance, and this occurs even cases 
where known that direct tensions cannot exist visible 

Mr. Godfrey’s discussion, furthermore, has raised important 
question which may put this form: case unbalanced mo- 
ments column due unbalanced load the panels, how much 
the unbalanced moment resisted the column, and how much 
the action the slab itself? 

the mushroom system, the connection between slab and column 
unusual rigidity, and therefore likely cause greater bending 
moments the columns than would other systems not joined 
rigidly. 

Experimental data secured test the Northwestern Glass 
Company Building, Mr. MeMillan, permit determination 
the actual bending moment Column No. 45, the point where 
the gauge lines were observed. How much the total unbalanced 
moment that must resisted column and slab may be, ques- 
tion complicated the amount restraint exerted both column 
and slab, and not here investigated; but, whatever may be, 
evident that only much remains after subtracting that 
carried the column must resisted stresses the slab, rods, 
result which has with the actual stresses those rods. 

The actual bending moment Column No, the Glass Com- 
pany building test, under unbalanced load No. 185000 
Panel may computed follows: 

The deformation data Column are given page 29, 
Mr. report, and the location the gauge lines his 
Drawing No. 

The observed data are very conflicting because lack sufficient 
checking zero readings, changes temperature, and initial shrink- 
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age, but prolonged analysis has shown how they may brought into 
harmonious relation with each other and the applied loads reason- 
able adjustment the observations, which meets the approval Mr. 
MeMillan. 

clear that the readings under Load having mean intensity 
112 per sq. ft., and distributed practically uniformly the four 
panels about Column No. 45, should have produced the same reading 
all six the gauge lines and compression each them instead 
the large tensions shown four them with small compressions 
the other two. Leaving out the deflections under Load the 
supposition that irregularities have been largely eliminated 
application, take the additional deflections caused additional loads 
shown Table which the increment the deformation above 
Load tabulated with the corresponding addition 
Load that produced it. 


Deformations hundred-thousandths inch, and loads pounds. 


Load, 

pounds 

| square 
| oot. 
2-1 — —18 — 4 — 16 — 2 — 8 22.5 138 
3-1 — 36 — 20 — 64 -- 34 — 32 — 62 — 47 —40 | —35 238 
3-1 — 38 — 7 — 44 —40 — — 61 — 56 — 46 238 
4-1 — 8 — 36 — 66 — 36 — 84 — 7% — 61 — 52 — 8B 238 
5-1 — 58 — & — 58 — WB — 380 —# — 27 —8 |) — 88.5 184 
5-1 — 66 — 8 — 36 — 6 — 6 — 80 — 6 — 6 — 34.5 184 
9-1 — — 38 — 24 — 22 — 


will seen that addition 238 lb. per sq. ft. each the 
panels produces mean deflection about 0.0004 in. gauge line 
in. long. this basis the mean deflection due 100 per sq. ft. 
uniformly distributed would about 0.00017 in. per in. This 
confirmed the following independent computation the load under 
given deformation. The load actually carried the column under 
which may also computed follows, provided the stresses are 
low that the entire resistance the column may assumed 
carried the vertical steel and the core, and none the spiral 


and shell: 


: 


DW 
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steel and concrete the column are sq. in., 566 sq. 
there being six vertical rods and core. 

200 e(6 000 000 566 000 000). 

Therefore in., which agrees well with the observed 
deformation per 100 

Table evident that the readings Column disagree 
greatly with those Column for which reason can assigned 
except some disturbance the zero form which all the readings 
Column are taken. Column these readings have been cor- 
rected arbitrarily units, which brings them into good agreement 
with Column and the other columns. Similarly, Column has 
been obtained from Column arbitrary correction units 
throughout. 


TABLE MEASURED FROM THE ORIGINAL 
ZERO. 
Deformations .in hundred-thousandths inch, and loads pounds. 


Live 
column. 
—19|—19 —19 —19 —19 —19 112 30 300 
— 87 | — 35 — 89 — 48 —@ — 41.5 250 57 900 
— 39 | — 58 — 51 — 66 — 59 — 54 350 95 000 
— 57 | —6 — 59 — 8) —7 — 65 350 95 000 
— 55 | — 55 — 58 —81 — 7 — 62 850 9% 000 
—%73 |— 47 — 59 — 48 — 55 — 37.5 296 80 000 
— 67 | —45 — 45 — 36 —47 — 57.5 296 80 000 
— 118 | — 35 —. +44) +21 — 41 174 47 400 
—115 | — 37 4 + 64 + 38 39 174 47 400 
—31 | — 54 — 56 + 25 + 2 — 27 ‘aks 8 500 


| | 


units, already seen. Assuming this correct, have increased 
each compression Table units, and obtained Table 
set adjusted values the deflection reading from the original 
zero. These values are sufficiently good agreement with each other 
and the loadings enable base computations them which 
thought will give results that are approximately correct. 

Now, under Load the mean compressions may taken 
123 units and the mean tensions units, that the 
deformation the extreme fiber due bending may taken 


the bending moment producing this deformation, write: 
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which the moments inertia steel and concrete may taken 


the surface the core radius, in. and 
e r= 1s. => = 
800 000 


0.0001025 in. This equation may written follows: 


This the bending moment point the column the mean 
level the gauge lines, ft. in. in. above the floor. 

Assuming that the bending moment increases uniformly from 
the point inflection the column the bottom the cap, which 
may taken about ft. in. in. above the floor, 
proceed compute the moment this point the bottom the 
cap 


Where the point inflection the column will be, depends 
the kind restraint the bottom the column. Assume the most 
unfavorable case, namely, that the column fixed position and 
direction the bottom. The point inflection where the moment 
vanishes will then taken in. above the floor, and 
400 ft-lb. Comparing this with 185 000 145 000 


The dead load the column was estimated the time the test 


column load 301250 lb. under Load and the dead load, which 
equivalent deformation nearly 190 units in., stress 
the steel 
Now, the steel stress the outer fiber due the deformation 
units previously obtained 
800 000 
The greatest and least compression stresses the steel the level 
the gauge lines in. above the floor are 10200 and 4050 per 
sq. in., respectively, and the stresses are one-fifteenth much, 
namely, about 700 and 200 lb. per sq. in.; but, the level the 
bottom the cap, the stress due the unbalanced moment may 


much 3075 3891 Ib. per sq. in. the extreme fiber. 


3 
| 
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This, combined with the mean compression 7125 lb. per sq. in. due 
the combined live and dead loads, makes the greatest and 
steel compressions 11016 and 3.234 lb. per sq. in., respectively, and 

the compressions one-fifteenth much, 734 and 216 

per sq. in. 

report two buildings the Turner “mushroom” type, then under 
construction, the speaker obtained from the Library this Society, 

search this subject, brought down October 17th, 1911. This 
search contained twenty-six references, which about ten required 
careful consideration and comparison. 

The formulas and methods which had then been proposed basis 
for the design flat slab floors gave results varying much 
Mr. Louis Brayton. 

TABLE 


Method. Thickness of slab, 
|- 
| 


Steel per panel, 
in pounds. 
Cantilever 
Turneaure and Maurer 
Grashof 
....-|Mensch ... 
..|MeMillan .. 
Brayton 


These methods, with the exception Mr. Turner’s, were not based 
experiments any consequence. developing and checking his 
empirical method, Mr. Turner has made considerable number tests 
and experiments, but they are not entirely satisfactory conclusive, 
because they are mostly confined the loading single bays, and be- 
cause deformations strains were not measured. They were suf- 
ficient, however, show that something must have been neglected 
erroneous data used developing such formulas methods Nos. 

Mr. Arthur Lord has the results his test the 
slabs the Deere and Webber Building, Minneapolis. Eight panels 
were loaded, and deformations were measured twenty different points 
for the steel and about the same for the concrete. 

Although neither Mr. Lord nor Arthur Talbot, Am. 
E., consider the data this test sufficiently comprehensive 
form the basis complete theory, they give some valuable indica- 
tions, and incidentally tend confirm the empirical method 
Mr. Turner. 


*Engineering Record, August 27th, 1910. 


First Engineering News, December 22d, 1910, and recently reprinted Bulletin No. 
64, University Engineering Station. 
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The author’s results seem substantial agreement with 
Methods and Table but they not agree with the 
tests. hardly conceivable that the author could have been familiar 
with Mr. Lord’s tests when wrote the paper. That the presentation 
formulas analyses this kind should include comparison with 
the best available experimental data hardly needs said, but the 
paper discloses reference any tests all. The author’s reasoning 
seems deductive, which, since the time Lord Francis Bacon, 
has not been favor for scientific investigations. 

The amount reduction stresses due arch and slab action 
the Deere and Webber Building test was observed large, and, 
until this can included formulas, with least approximate ac- 
curacy, little better than waste time discuss slab theories. 
Professor Eddy has succeeded doing this, and from his past work 
may encouraged look him for results, slab design may 
reduced rational basis, but, until this has been done, the best 
method follow that empirical proportions from experiments, 
being careful keep the variations from test slab dimensions within 
very narrow limits. 

little study the comparative table methods and cursory 
comparison with the Deere and Webber test data would seem suf- 
ficiently convincing that the problem means simple 
the author’s statements imply. fact, complex that one has 
yet been able present rational basis for design flat slabs, unless 
Professor Eddy has succeeded doing his recent 
and Maurer’s method (No. Table was based almost entirely 
Professor Eddy’s previous work, with the value Poisson’s ratio 
assumed 0.1. now appears that Professor Eddy proposes use 
much larger value for this ratio result more recent experi- 
ments. and Maurer’s method least 300% error, 
according the tests which have been made. 

The speaker understood the author say that theory explana- 
tion facts, and that liked have his facts explained. The speaker 
has been unable find single fact the paper, nor even ex- 
planation facts. seems paper explanations, not only 
without facts, but contradicted facts. The designers and builders 
reinforced concrete structures have been waiting years for experi- 
mental facts this slab question. are beginning get them, 
but need least twenty more such tests that the Deere and 
Webber Building before will have sound basis for rational 
slab theory. 

Should the discussion this paper result diverting some energy 
from theorizing toward the making much needed scientific tests, the 
effort and space may not have been used vain. 
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method ascertaining lower limit for the maximum stress the 
steel reinforced concrete slab considerable interest. His as- 
sumption absence shear 
the quarter slab (Fig. seems 
quite justified the case 
with which deals; but, 
practice, the use continuous 
slab supported 
columns less general than the 
type construction which the 
floor panels are carried second- 
ary and main beams, which latter 
are supported columns in- 
tervals. such case, where 
the panel may supported four sides (Fig. 21), may assumed, 
using the author’s reasoning, that there shear the edges, and 
the quarter-panel. With reinforcement running parallel both 
axes the slab, and therefore supporting the slab along both edges, 
and (but principally along D), there must shear these two 
edges. 

The writer would use the principles Grashof’s formula, some 
equivalent method, order determine the relative values these 
two shears, but would like learn what the author’s treatment would 
this case. The raison d’étre the paper ascertain limit- 
ing value for the maximum stresses the reinforcement, without the 
use the more complicated and not wholly satisfactory assumptions 
the slab formulas, but, for the moment, the writer does not see how, 
without their use, the author’s method applied such cases 
the one mentioned. 

Am. Soc. E.—In the opinion the 
speaker, the observed differences between the author’s beam theory and 
the actual results obtained practice are due more the cantilever 
action the construction over the supporting columns than tension 
the concrete anything else. 

The discussion Mr. Nichols’ very thoughtful paper seems 
center about the method uses determining the statical limitation 
the steel reinforcement the floor slab—the point being raised 
Mr, Turner that the so-called beam theory not applicable the 
calculation flat slab floor. seems the speaker that Mr. Nichols’ 
answer this objection only partly effective, namely, that the direc- 
tion the stresses the floor not concern him, dealing 
merely with the steel rod itself. quite true, and perfectly evi- 
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dent, that the stresses affecting the rod the concrete can act. only 
one direction, that is, the line its length; but equally 
true that, the slab floor, these stresses are partly relieved the 
work the rods lying the other direction, and that this relief 
not uniform throughout the whole length the rod, nor anything 
like uniform, which means simply that each individual rod will 
loaded manner peculiar its position, not receive uni- 
form load throughout its full length, although the floor slab itself 
uniformly loaded. this point the advocates the two theories part 
company, but that should not prevent the slab theorists from realizing 
that each rod itself must act the part beam, far 
acts all, nor the beam theorists from recognizing that the load 
the slab bound get the supports the shortest possible road 
can take, regardless the location the rods. 

Without attempting decide between the respective merits 
these two theories computation, why should not apply the beam 
theory nearly accordance with the assumptions the case 
possible apply it, for the sake giving this theory fair test? 
The author seems have stopped short the application 
the beam theory not having taken into account the bending mo- 
ments over the points support. assumes, and has just confirmed 
the assumption, that his hypothetical floor panel fully loaded and 
that the load extends uniformly all directions over the adjoining 
panels. Under such assumption, strict application the beam 
theory requires consideration the moments developed over the 
points support, that is, over the columns. This fact the author has 
not recognized. is, however, vital the assumptions made this 
and, even the adjacent floor panels were not loaded, would 
still necessary take into account the moment over the supports 
due their dead load, because the continuous and homogeneous 
nature the construction the floor. This end moment pier mo- 
ment, girder with fixed ends (or the continuous girder, which 
this case analogous) two-thirds great the moment developed 
the center equal span having free ends, but, acts the 
opposite direction, tending hold the central portion the span, 
should deducted from the total moment due girder with free 
ends, such the author has assumed when writes R,a the 
bending moment due all the external forces. 

recall few elementary principles: the span, Fig. 22, 
one the units several equal spans, all uniformly loaded through- 
out with the unit load, per linear foot;'and assume beam any 
material rest continuously over the several supports 
span the figure intermediate between loaded spans panels 
either side. Then the deformation the beam such case would 
downward for distance from the support equal about 
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one-quarter the span (actually 0.21133 the span) and concave 
upward the center portion the span. The effect the reverse 
moments due the fixed ends cantilever action over the supports 
reaches out from the supports these points contrary flexure, and 
the actual resulting moment the center precisely the same 
would that span with free ends inserted between these points 
contrary flexure. This true for any series equal spans and for 
any load within the elastic limit the material, long the load 


uniform throughout all the continuous spans. 


The moment over the support due the load, and the 


moment the center the span Theoreti- 


then, under the conditions assumed, the greatest moment 
found over the support, and twice great the resulting mo- 


PF 
Fic. 22. 


ment the center; but, points maximum moment are also points 
shear, not find the greatest shear the edge the sup- 
porting column, where the author has assumed be, his method 
analysis. The greatest shearing force found point 
where there moment, and the present case such point 
the plane, CF, Fig. 22, where the curvature the beam changes. 
the point contrary flexure the plane, CF, the central portion 
the spans hangs, therefore, just like loaded span with free ends 
supported the tip cantilever arm, which reality the portion 
the beam between and the support is. 

Now, the length the span between the two planes, CF, known 


and consequently the load hanging the end the canti- 


lever arm the plane, CF, For convenience, writing 
9 2 


which the distance from the nearest support, 
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have, for the distance from the center the support the center 
gravity all the loads the half span, 


which, after substituting for its value, gives 


evident, therefore, that the couple resisted the internal 
forces the beam exactly equivalent that developed assuming 
the half load concentrated point one-sixth the span distant 
from the support, rather than the quarter point (one-fourth the 
span distant from the support), has been done the author. The 
latter would correct for span with free ends, but incorrect for 
span continuous over two more supports. will noted, further, 
that the half load multiplied the arm this couple gives the 

continuous-girder span uniformly loaded. 

The application this analysis the case presented the author 
that the distance, Fig. between the forces, and R,, form- 
ing the external load couple, should have been determined treating 
the load the quarter panel divided into two portions, which 
may called the suspended and cantilever portions, 
located the center gravity the quarter-column area, 
instead the center gravity the quadrant (as the author’s 
method), then the suspended portion the panel’s load should 
assumed concentrated point situated 0.21133 the diagonal 
distance between the centers bearing. The author’s distance, 
not exactly the length the quarter span between bearings, but 
the definitely computed distance between the center end shearing 
forces and the center gravity the quarter panel with the column 
area deducted. the continuous-girder method, the arm, should 
measured from the center gravity the quarter-column area 
the center gravity the suspended portion the load and the 
cantilever portion the load combined. 

Fig. 23, denotes the diagonal span between the centers 
bearing, and R,, and 0.21133 the diagonal span, then 
the suspended area the panel DABCFE, the square; OABC, 
with the square, ODEF, deducted, and should assumed con- 
centrated The cantilever area the square, ODEF, with the 
quarter-column area deducted, and should assumed concen- 


Which known the maximum moment the 


moment, 
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trated its center gravity, shorten the operation, will mr. 

Crehore. 

+ 

the distance from the point, the center the column, which 
expression the radius the then find the arm, 


and the total moment the couple due and 


and being each the same the author’s method, namely, 


stant 
H 
Lines maximum 
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Mr. from which, kL, obtain 


Resolving this into the component moments acting parallel the sides 
the loaded panel, does the author, have for one these mo- 
ments, after putting for its value, (0.211 0.245k) 


3 


0,06 0.07 0.08 0.12 
Values 


Line X is reproduced from author's 
diagram, 
values for and 


24. 


This result requires complete revision (Fig. 24) the diagram, 
Fig. for the simultaneous value and The line this dia- 
gram, although drawn straight line, is, course, part curve 
(Fig. 25) known the cubical small portion the 
curve needed between the limiting values used and that 
straight line for all practical purposes. The speaker’s equation for 
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gives line diagram crossing the author’s line about the value 
0.16, which that, when the ratio the column’s radius 
the length the panel 0.16, the arm, the loading couple 
has the same length method. should observed that 
the author’s distance, measured from the center gravity the 
shearing forces along his section, the panel, whereas the distance, 
the continuous-girder method measured from the center 
bearing the quarter panel. 

Such assumption, for the size the column, 0.16, gives 


the distance,n (Fig. 23), although still remains 0.21133 


3 


o 
o 


0,50 
Values 


Dotted lines, and include between them the portions 
these curves giving the practical values 
ordinary use, per diagram, 


25. 


the diagonal span, showing that the cantilever effect reaches out 
the full quarter span for columns this size. For larger col- 
umns, the suspended load being hung much farther away, the 
speaker’s method will give value for the steel excess the 
author’s method, showing that the cantilever method construction 
not economical for values greater than 0.16, and for all such the 
rods should placed the bottom the slab limit might 
have been inferred from knowledge cantilever bridges, the 
length the suspended span determined there with regard 
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economy the whole structure—if made too short, the cantilever spans 
will excessively heavy, and made too long the economy that 
style construction sacrificed. 

the speaker’s opinion, panels ft. long, between 
columns ft. diameter (or that ratio) have their usefulness 
impaired the size the column. Values equal greater 
than 0.16 mean just this, and not seem practical values 
ordinary use. 

Without referring anything except the simple laws mechanics 
the beam, the speaker thinks has justified result for the max- 
imum stress the steel smaller than the limiting value determined” 
the paper. the author will revise his calculations conform 
with the continuous-beam theory, just explained, will doubtless find 
much closer agreement between his estimated stress the steel and 
the actual stress developed observed tests. the beam theory 
used these should fairly applied, without 
prejudice the continuous-girder feature it; and, this done, 
the speaker believes that much the speculation regarding “dome 
action” and kindred topics would satisfactorily explained. 

course, seldom true actual practice that all panels 
such floor the one described are loaded uniformly with the same 
load per square foot, and, the load removed from all the ad- 
joining panels, well known that the rods the interior panel 
will stressed more highly than the adjoining panels were loaded; 
but the continuous-girder effect can never entirely eliminated, be- 
cause, the kind floor here under consideration, the stresses due 
the dead load are more appropriately determined this method. 
any case, with this kind floor, the stresses the steel may cal- 
culated far more accurately applying the continuous-girder method, 
accordance with the real conditions loading, than the free- 
end-girder method used the author. Furthermore, should 
borne mind that, with full load all the panels, the rods the 
interior panel would not stressed much with lighter load 
the outer panels and the full load the interior panel, notwith- 
standing the author’s statement the contrary. 


has read Mr. Nichols’ paper with interest, and convinced that 
the method used for determining the least possible amount 
steel correct. not fully grasp Messrs. 
Turner and Eddy, but gathers from their use “true” and 
“apparent” stresses and the distinction two kinds bending 
moment, that they would use instead the stress the rods. 
The writer maintains that such procedure would quite incorrect. 

There are few textbooks which use the term, “true stress”, for 
Ee, which much better named the “equivalent simple stress”, 


| 
| 
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name for The misleading nomenclature-has been 


copied the Civil Engineers’ Book”, and the state- 
ment there made that steel bar axial pull 6000 
acting across the bar. this meant that there resultant 
force pressing against each square inch longitudinal 
plane through the bar, the statement absurd, the only force 
acting the outer surface that the atmosphere, there nothing 
take such stress the surface. The idea probably arose from 
misconception Hooke’s law the proportionality stress strain. 

impossible say what takes place the 
bar, and, indeed, the engineer interested only 
the external phenomena, but, for the satisfac- 
tion any one who may ask how lateral con- 
traction can without transverse compression, 
the apparatus shown Fig. presented 
the possible interaction among the par- 
tions. the model stretched vertically, will 
contract laterally, but the resultant force 
vertical plane (that is, the stress the plane) 
forces. 

not found Grashof, nor does anywhere, far the writer can 
determine, suggest that stress the body. written the 
form 


f < Ee, = p, — K (Py — Ds), 

which the working stress, and p,, p,, and are the existing 
stresses the material, simply statement the strain theory 
failure materials which has been followed generally German 
writers, nothing theory, and merely means that the greatest 
strain material under compound stress should not exceed the strain 
caused bar the working stress (which conceived simple 
stress), not that stress (p, p,) actually exists the 
material. said, the way, that recent investigations 
not bear out the strain theory failure, but seem show that ductile 
materials, particularly soft steel, fail when the sheer reaches critical 
amount, and that the criterion for designing such materials should 

The fact that floor slab stressed two directions does not mean 
that its resisting moment computed from its strains, may 
seen from the following Imagine rectangular bar 


Greene, 
hat 
ter 
to. 
ne, 


Mr. 
Greene. 


Mr. 
Nichols. 


some elastic material supported its ends and loaded 


forces. suppose series bars plates are pressed against the 
sides pairs bolts, shown Fig. 27. The longi- 
tudinal strains are changed, but the stresses are not, 
for they must sufficient balance the external forces, 
which are the same before, and the first part the 
equation still correct though the last part not. 

view the fact that satisfactory mathematical 
solution has been obtained for homogeneous 
plate, the writer has faith that any solu- 
tion for concrete slab will found 
attempting analyze its strains. Moment equations corrected 
empirical factors seem him offer the most logical solution. Some 


readers have taken Mr. Nichols’ results page 1678 bending 


27. 


moments. for Type bending moment least 


any one belt reinforcement the center, and over the col- 


umns, values which certainly not appear unreasonable. 


this purely statical treatment statically indeterminate 
problem were, course, not expected establish actual 
the the steel any particular They do, ‘however, 
establish certain limitation the steel stresses. 

The nature this limitation is’ well illustrated the case 
beam resting three supports. cannot determine the pressure 
each support statics alone, but statics does demonstrate that 
computation, however plausible, which the total pressure 
all three supports less than the weight the beam 
ideas the stresses the steel flat slab are 
certainly wrong. 

Before replying the questions raised the several discussions 
the writer wishes once more which seems 
have escaped the attention most his the 
One the shear uniformly. the 
periphery the column cap—was stated specifically the paper. 
ment—has practically universal acceptance the analysis of. rein- 


4 
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forced concrete structures bending. The adoption this 
familiar assumption was implied though not stated the paper. 
one has questioned the substantial correctness the assump- 
tion uniform shear about the column cap, and one has urged 
that reliance “direct” tension the concrete permissible, al- 
though Mr, Eddy declares that what calls tension may 
relied Neither has any error the application of. statics 
the problem hand been brought light. What, then, the basis 
the objections the paper? every instance boils down 
the fact that the conclusions the paper not seem agree with 
the results tests. The critics not attempt, however, account 
for this, but content themselves with concluding, off-hand, that the 
paper wrong; but after all, not refute the conclusions 
the paper. The apparent not hard explain. 
One the stresses the reinforcement flat slabs have 
been lower than the paper would indicate that the 
tests only have been loaded, usually one, 
and adjoining panels have assisted the load. 
Another far more important reason is: that the concrete, although 
not relied tension, does actually afford. tensile re- 
materially assists phenomenon has often 
been observed tests rectangular For example, 
presents showing that beam having reinforcement, 
concrete, should have caused 16000 per sq. in. tension the 
steel, actually produced less than 3000 Ib. per in., measured 
extensometer. beam having 1.0% steel, the measured 
tension was 500 Ib. per sq. in. for similar such results 
should expected can easily shown computation 


Mr, 
Nichols. 


into the tension the concrete. Table computed this 


basis and the assumption that straight line law stress dis- 
tribution holds for tension well for compression, gives the 
tensile stress the steel, f,, and the maximum tension the con- 
crete, for loads which, the assumption absence tension 
the would produce steel stress 16.000 per sq. in. The 
depth the steel taken eight-ninths the total depth as, for 


instance, 9-in. slab, 


E, 


Taylor and give the modulus plain 
1:2:4 from 399 480 in., the average of. six 


Plain and Reinforced.” 


the 
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4 
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TABLE 
Pp It 
0.001 
0.004 241 2 780 
0,005 | 290 | 3 830 
0.008 417 
0.009 455 180 
0.010 490 | 5 550 


| 


Tests the United States Bureau Standards* completely sub- 
stantiate the evidence the tests table the effect 
that concrete does, fact, act tension important extent 
assist the main steel simple beams. The extensometer tests, more- 
over, show that this phenomenon persists after cracks have appeared, 

tension the concrete thus capable causing 
discrepancy between results beam tests and computations 
the usual methods, the concrete flat slab must certainly reduce 
the measured stress the embedded steel far below that which literal 
interpretation ordinary analysis would lead one 
flat slabs the stressed multiple directions, 
anywhere, “slab action” comes into play and Poisson’s has 
its use. 

seems perfectly clear that the two causes cited are quite 
conclusions the paper with the results 
Furthermore, any alleged analysis flat slabs, purporting not 
rely tension the concrete, which, nevertheless, gives results 


agreeing closely with tests, and thus leaves room for the actual 


tension the concrete show apparent discrepancy, obviously, 
cannot correct. 

The question may now arise whether the tension the concrete 
can properly relied on. Mr. Eddy asserts that tension the con- 
crete flat slab “indirect” and the same nature the 
diagonal tension which occurs beam. the first place, the 
tension question not “indirect”, but direct tension (if dis- 
tinction made), occurring does planes normal the 
main reinforcement. the second place, diagonal tension beams 
ordinarily not permitted exceed per sq. in., unless steel 
provided specifically take the tension, and, even then, the 
diagonal tension restricted practice 120 lb. in. There 
seems good reason for permitting higher flat slabs. 
Mr. therefore, wishes utilize the tension the concrete, 


: 
| 
j 


DISCUSSION REINFORCED CONCRETE FLAT, SLAB FLOORS 1733 


informed with the commercial require- 
ments” flat slab design! 

tests, such have reported date, adopted sole basis 
for flat slab design, regardless the reliance tensile strength 
concrete which such design would involve? The writer believes they 
ought not. Considering that construction joints frequently 
the middle shrinkage cracks and cracks due loading, over- 
loading and the possible effect shock and fatigue, concrete tension 
depended present and working when needed, any 
more than beams girders. The writer prepared, however, 
revise opinion after sufficient number long-time fatigue 
and destruction have yielded results which warrant him 
Until such tests have been made, cannot consider 
good practice place reliance the tensile strength the concrete, 
and any flat slab design which fails meet the requirements de- 
veloped the paper certainly dependent such tension for its 
ability carry whether not the designer intends. 
are ever adopt the practice counting the tensile strength 
concrete beams slabs, all means let with our eyes 
and without illusions. 

Referring now discussions, the writer impressed 
with the apparent failure the part most, though means 
all, of. those who have presented discussions grasp the purpose and 
of. the paper, and its method hoped that 
the foregoing makes all this clearer and renders individual replies 
the criticisms the main unnecessary. 

may worth while consider Mr. Eddy’s distinction between 
“apparent” stress and “true” stress. Mr. Eddy applies the term “ap- 
parent stress” that which engineers commonly recognize the 
name “stress,” the stress measured the force which would have 
applied the seetion cut bar hold one portion the bar 
equilibrium, the other portion having been removed. dignifies 
the name, “true stress” quantity little more than. academic 
importance, the stress within material which would, the absence 
all lateral stress, produce the deformation existing 
the material the direction the given stress. This misleading 
use the terms “true” and “apparent” serves cover the as- 
sumption, which makes without stating it, that failure material 
dependent deformation. theory, never more than 
mere assumption, has proven unfounded tests made Harvard 


Mr. 
Nichols. 


ib- 
re- 
ed, 
ral 
re, 
1al 
ly, 
ate 
is- 
eel 
bs. 
te, 


Mr. 
Nichols. 


1734 DISCUSSION REINFORCED CONORETE FLAT SLAB FLOORS 


University Dr. Bridgman.* Yet this assumption essential 
practical usefulness Mr. Eddy’s analysis flat slabs, 
presented the discussion and, more fully, his book “Flat Plate 
Theory Reinforced Concrete Floor which Mr. Turner 
has referred. Without it, his work without foundation. 

Suppose, however, for argument’s sake, that “true” stress, de- 
fined Mr. Eddy, were the criterion failure steel rod. 
gives the value the true stress 

Se, Kp,, 
where the “apparent” unit stress that 
is, the actual pull divided the area and 
per sq. in., although seems highly improbable the concrete 
would, even could, exert much lateral the side 
the rod. Then, 
250. 


From this appears that the actual pull the rod may reach 
value 16250 per sq. in. before the the 
customary 16000 per sq. in. The difference even 
were valid. 

Another highly vulnerable essential assumption 
appears both the discussion and book: 


and since are evidently liberty assume our 


flat slab sufficiently fine its act nearly like 
slab constructed some homogeneous materials 


This leads directly his treatment the reinforcing steel 
equivalent uniform sheet some metal which has Poisson’s 
ratio 0.5. 

sheet however, capable resisting tension equally 
all directions the same time. secure result with 
rods, obviously requires two layers right angles aggregating twice 
the weight metal contained the sheet. This fact entirely 
ignored Mr. Eddy’s analysis, and his consequent provision steel 
only half what his analysis, logically applied, would call for, 
even could grant that starts from valid premises. 

Considering the errors that underlie the whole basis Mr. Eddy’s 
though said agree with certain tests, are widely variance with 
the plain teachings statics, cannot take his analysis seriously. 
The with tests, moreover, largely fortuitous 


* Philosophical Magazine, July, 1912. 
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best, his results must sort rule-of-thumb: very Mr. 
Mr. Crehore’s ‘analysis seems parallel presentation 
beams. has over the writer’s analysis can 
This ‘on’ comparing the equation 


with Mr. Crehore’s 


the extreme case when the supporting column caps become 
ideal points support and the writer’s analysis would give 


the value that M,, the sum the moments two 


opposite sides the quarter panel, would 


should 
the case. Mr. Crehore’s results would give 


0.1922 


20.8 


which obviously incorrect. 

The writer wishes take this occasion offer approximate 
method applying the results his paper, which easily remembered 
and obviates the necessity consulting the diagrams, follows: 

equal the sum the bending moments two opposite 
sides the quarter panel, including the component the bending 
the curved side. 2M, twice that sum, the sum the positive 
and negative bending moments, the middle and the side 
panel, respectively. easily shown that, approximately, 

where 
being the diameter the column cap. The error involved 


this approximation less than for values less than 0.3. 


should pointed out that this paper not in- 
tended the final word flat slab design. offered merely 
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sound basis for fair start. Beyond the realm beyond 
the scope this paper, lies the determination actual stress: dis- 
tribution various cross-sections the steel but 
the writer insists that, whether this determination arrived the 
elastic theory (and arrived practice), any 
method, the which fly the face statics, 
tainly wrong. 


SOCIETY CIVIL ENGINEERS 


INSTITUTED 1852 


This Society not responsible statement made opinion expressed 
in its publications. 


Paper No. 1310 


ADDRESS 
THE ANNUAL CONVENTION, 
BALTIMORE, MD., JUNE 2D, 1914. 


Hunter Preswent, Am. Soc. 


accordance with the Constitution; the President 
why provision was placed the Oonstitution days. 
The publications the Society were the principal means for 
disseminating information subjects and exchanging 
views thereon. present day, however, each branch 
the Engineering provided with its own organ, 
published for profit, and they vie with other 
counts most attractive and form. 
Society journals have become mere repositories and opinions, 
and often read voluntarily, but are usually carefully preserved 
and are invaluable sources reference reason authentic 
character and should carefully guard and preserve the 
high quality our publications, and all intended promote 
private interests commercially should denied admission. 

the days the was charged with the duty 
reviewing the engineering progress the previous year. literal 
‘such provision now would stupendous task, 
and, hands skilled and entertaining author, would 
unintetesting the members because they have seen 
very attractive week engineering’ journals. 
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Fortunately for me, and doubly fortunate for audience, the 
reasonable inference from cursory examination some the ad- 

Taking advantagé due regard for the 
important matters interest which the present year brings engi- 
neers, and shall then direct attention matters concerning the 
welfare our Society and the profession which the foremost 
exponent. 

matter pride and for congratulation that the most 
stupendous work’ ‘civilization, the Pariama Canal, about 
presented our Government men our profession, completed 
greatly advance the time when was due, and absolutely free 
from any taint graft, incompetency any the 
stages its progress. 

Fresh; from, the glories achieyement, our 
entered upon two more, gigantic tasks performed untried fields. 
These .are the valuation the railroad and telegraph properties 
the United States, and building The first 
these projects engaging the thought and time of.a large number 
profession, and has already resulted greatly increasing. the 
demand for and compensation time when, account 
general stagnation industrial development, many 
wise .be this work engineers have the opportunity show 
that they, more than any politicians lawyers, are 
qualified fix the underlying. principles upon which 
this valuation should made, and then, follow this 
our citizens large, who have matter 
—to reflect, that from five required complete 
the task, and, when done, large engineers must con- 
stantly employed, both the railways and the Government, 
the work date. not for say whether not “the game 
the but address ourselves the task set. before 
demonstrate our fitness for the 


ADDRESS 


The science such valuation new. 1897 becamé 
duty serve one committee value piece railroad prop- 
erty for joint terminal. inexperienced, sought from the 
pages and editors technical journals and from other engineers some 
information the basis for such was unable that 
time secure it. Now much print the that 
with difficulty that the chaff can separated from the grain. 
have Special Committee which wrestling with this problem, and 
its preliminary reports indicate that important results are 
expected from its labors. 

commission engineers now charged with the duty 
selecting route for the main line railroad from some harbor 
the southern coast the central part Alaska, and determine 
what and where branches are built. When the 
determined, probable that the building the roads will 
entrusted the United States Corps Engineers. seems im- 
probable that the roads will ever operated any agency other than 
the National Government. opportunity presents itself here for 
civil demonstrate their fitness for responsibilities other 
than the mere application mathematics. civil engineer now 
Governor the Canal Zone, and another should General Manager 
the Alaskan Railroad when the time for arrives. 
not necessary state that his staff should composed engineers. 
engineer has recently been. chosen manager one our large 
cities. Many are being placed City Commissions. 

Persons who are charged with the responsibility for the wise ex- 
penditure public money are more and more inclined turn 
that civil engineers are fit for something else than preparing blue 
prints, setting stakes, and running instruments. are now the 
threshold new responsibilities, and must set ourselves: faithfully 
the task preparing meet engineering consists 
largely meeting emergencies with the resources one’s disposal. 
The man who does always demand. 

Much the space the addresses some our Past-Presidents 
has been devoted discussing the status the engineer, the ethics 
the profession, and how. compel apparently unwilling public 
recognize the fact that engineering profession. Complaint 
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rife that.we not get our just and that something 
clearly defined must done remedy 

have been tempted delve somewhat deeper into the origin and 
present meaning the word than 
office Realizing own lack fitness for the task, 
far the origin concerned, called specialist etymology, 
Dr. Bert Young, Professor Romance Languages Vanderbilt 
University, and lately honored the French Government with the 
decoration Officer Public Instruction for services 
the promotion French literature. 

quote his statement full: 


take pleasure furnishing the best information have the 
origin the word 

“Engineer, formerly enginer, sometimes ingener, Middle English 
engyneour, from the Old French engignier shorter 
engineur. This from Middle Latin ingeniarius; one who uses 
engine, especially war from Latin ingeniwm, 
invention, engine. 

“The French word ingenieur, semi-learned form, seems come 
down slightly road, being from the hypothetical Middle 
Latin word ingeniator from ingeniare from ingenium, engine. 
mentioned the first paragraph. 

“Genie from Lat. genius, spirit, extended term war 
the sense art attacking defending fortified, places, and 
then the arm the service devoted military naval engineering. 

“Ingenuity from French ingenuite from Lat. ingenuita (t)s from 
ingenuus, native, born free parents, frank, generous. Ingenious 
from Lat. ingeniosus, gifted with natural 
ingenium from Old Latin genere. 

“Apparently all back ubiquitous root, bear, 
produce, give birth to, 

remarks: 

the derivation ingenuity, there must have been con- 
fusion Lat. ingenuus and These should almost 
opposite meaning. suppose engineer ought both 
and ingenuous, artful and artless, and: unsophisticated, 
bond and free. According the above, should say that the man 
who pronounces injine only atavistic. 

hys court was false traytoure, that was grete Yngy- 
nore (plotter). (Halliwell, 

The most prime Engineers Oaths that ever the world 
knew. 1680)’: 
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the sport have the enginer hoist with his own 
petar. (Shak., 1602, Ham. 

“Ex.— The this practice—was Portugal. (Carew, 
1620).” 


From the Oxford Dictionary, which doubt gives the prevailing 
English view, have extracted the following definitions and examples 
the use the word “Engineer”. 


“One who contrives, designs invents. Ex. 1611, Rich, Honest 
age, 1844 (36) ‘Yet you cannot deny them the devil’s engineers’. 

“1635, Gibbs Spurgeon ‘That great engineer Satan’. 

constructor military engines (Obsolete). One who designs 
and constructs military works for attack defense. 1325 Coer 
Leon tour ful strong, that queyntyly engynours made’. 

soldier belonging the division the army called engineers, 
composed men trained engineering work. Ex., Porter’s History, 
Royal Engineers. ‘This day (May 26th, 1716) may thereafter 
taken the one which the engineer branch blossomed into dis- 
corps.’ 

“One whose profession the and constructing works 
public utility, such bridges, roads, canals, railways, harbors, 
drainage works, gas and water works. From the 18th Century, also 
civil engineers (from the military). 

“Ex. 1792 Smeaton Reports (1797) pref. first meeting 
this new constitution, the Society Civil Engineers, was held 
the 15th April Eddyston profession 
civil engineer.’ 

maker engines (specifically mechanical engineer). 

“One who has charge steam engine. England only with 
reference marine engines. the United States often applied the 
driver locomotive. Ex. 1860, Bartlett’s Dictionary. American, 
Engineering, ‘the engine driver our railroads thus 
designated’. 

“Engineman, one who works helps work fire engine. One 
who attends stationary engine. The driver locomotive.” 


From other English 


March’s Thesaurus Dictionary. versed any branch 
engineering. manage The science and art building, 
making and using engines and machines.” 

Hallowell’s and provincial words, “Engin, wit, con- 
Inginous, inventive (Jonson).” 

From Joseph Wright’s English Dialect Dictionary. “In 1649 Gray 
wrote ‘Master Beaumont gentleman great ingenuity and rare parts 
adventured into our mines, who brought with him many rare engins. 
The memory these ‘rare engins’ survives the name the seam 
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which appears discovered, still called the engin seam.” 
will noted that Beaumont was quite 
early date. 


From the Century Dictionary, presenting the American view, the 
following: 


person skilled the principles and practice any department 
engineering. Engineers are classified the particular 
business pursued them, mililary, marine, civil, mining, 
mechanical and electrical engineers, 

“To work upon; ply; try some scheme plan upon. 

“Ex.—Unless engineered question after question, 
eould get nothing out 

“To.guide manage ingenuity tact; conduct through over 
Congress.” 


Through the kindnéss our Secretary, Mr. Hunt, able 
secure the following translations from the Dictionnaire Langue 


“One who plans, lays out and directs field work fortifications, 
for attacking, defending fortifying places. 

(Peter the has had even engi- 
neers where one (before him) knew the elements 
geometty, Volt. Charles I.’ 

who directs public works, such the con- 
struction and maintenance roads and bridges, working mines, ete, 
Engineer bridges and roads., Mining Engineer, Naval Engineer 
Marine Engineer, Railroad Engineer. 

Engineer, name engineers who are trained 
technical work for industry. 

“Naval Architect Engineer, one who himself the art 
naval 

“Topographical Engineer, one who draws. Hydrographical 
See. 

“Engineer for mathematical instruments, one who makes mathe- 
matical instruments.” 


Also, Dictionary the French and English 


“Enginier —An engineer; maker engins. 

—Engigner. 

Engigner deceiver, beguiler, enchanter. 

engin, toole; also understanding, policie, 
reach ‘of wit; fraud, craft, wiliness, 
deceit. 

enginer, engine-maker; fortifier.” 


is 
: 
2 


Mr. Hunt also furnished following translation from Grimm’s 
Deutsches 

“Engineer, n.—This ‘word the present day, for military 
century, represented artful calculating person general.’ Ex.—‘He 
who wishes bring understanding must, very good 
and wise engineer (schemer, calculator)’. Weidner’s, Zinkgres, 158.” 

from deseribing the building any the ancient 
evidenced monumental written records, but they were desig- 
otherwise, for example: Frontinus, his water supply 
the City Rome, Clemens Herschel, Am. 
E., mentions moduli (levelers), (builders), agrimensores and 
architectos. (architects), and Curator 
which the derived, are used connection 
‘the process building maintaining. The conclusion is. in- 
evitable that the name least comparatively modern, and that the 


John Smeaton was the engineer himself 
(probably 1782).* 

the Annual Address Mr. Charles Hawksley, President the 
from the Report the Council, for the Session, 1885-86. portion 


honor having originated the Institution often assigned 
Smeaton, Telford, but the idea erroneous both cases. 
Smeaton died many years before was thought of, and Telford only 

Engineers, still existing, was founded Smieaton 
1771; many the most eminent members pro- 
fession, but rather the nature social club than scien- 


would recommend two above. referred 


* Beginnings of Engineering °’. ’, bv the late J, E. Watkins, Assoc. Am. Soc. C, E., Trane- 
actions. Am, Soc. E., Vol, XXIV. 382. 
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and the following: Annual addresses Past-Presidents William 
Worthen, 1887 (Transactions, Vol. XVII), and William Shinn, 
1890 (Transactions, Vol. XXII), also Charles Vignoles, 
Past-President, Institution Civil Engineers, 1870 (Minutes Pro- 
ceedings, Vol. XXIX). 

page 604 Engineering News, May 26th, 1910, enter- 
taining paper entitled the “Origin and History the Profession 
Civil Engineering”. foot-note describing reads follows: 


appendix the Presidential address Jas. Inglis, Presi- 
dent the Institution Civil Engineers Great Britain. Abridged 
from the account contained the life Sir William Fairbairn 
the late Dr. William Pole, S., Hon. Seeretary the Institution.” 


portion the beginning quoted: 


“The root both the words, Engineer and Engine, found 
the jan, born, from which came the Greek form 
and the Latin gen, the latter being embodied the old verb genere, 
with its compound ingenere (changed into implant 
birth, and their later substantive innate natural 
quality. 

“The old Latin verbs, genere and ingenere, gave rise the French 
form, verb, This great antiquity, and from its 
comprehensive and useful meaning has continued use down 
the present time, being found continually modern French. writings. 
The import has nothing whatever with engines machines, 
but purely psychological. given Littre’s great French 
dictionary 

dans son genie, dans son esprit, quelque moyen pour 

“Now, all authorities, including our own great Lexicographer, agree 
that this word the true origin the word ‘Engineer’, and thus 
arrive the interesting and certainly little-known fact that Engi- 
neer is, according the strict derivation the term, not necessarily 
person who has with engines, but any one who seeks his 
mind; who sets his mental power action, order discover 
devise some means succeeding difficult task may have 
perform.” 


There are sufficient divergences authority and definitions the 
above quotations give any amount argument. will 
content with simply recording them. 

These matters are mentioned primarily leading con- 
sideration the condition which the profession this country 
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now finds itself. There ample evidence that the word “Engineer” 
now: applied alike the designers engineering works and 
the operators engines, also evident that civil engineering 
now considered many branch engineering. the lan- 
guage the late Grover Cleveland “It condition and not theory 
which confronts us.” could not, desired; compel the public 
call locomotive engineers “enginemen” “engine nor 
stationary engineers, “power notwithstanding the 
fact that such they are. President Worthen the address above 
referred. says: 

would drop the term civil embracing too large profession, 


and adopt prefixes, military, hydraulic, railway, mechanical, steam, 
electric and other divisions, when these are adopted specialties,” 


His idea seems have been merely divide civil engineers into 
different classes. does not mention civil engineers one the 

Until recently, have also been inclined the view that should 
drop the word “Civil” from the name our Society, but closer 
study the matter confirms the opinion that should retain 
it. think there can question but that civil engineering embraces 
all engineering except that connected with the actual conduct 
war. The fact that the “in piping times peace” 
performs the work the civil engineer constitutes distinction. 

Conscious this Society has been content 
sit still and let the branches our profession grow independently 
the meaning the word Engineer” indicating specialty 
division of. the false position, and alone 
are responsible for it. evidently intended make 
specialty, but could not have known, the time referred it, 
how intricate the divisions the specialty were become. Had. 
pursued course similar that the engineers Germany would 
not to-day find humiliating position being asked 
substitute the word “Professional” for the word 
bill recently pending before the New York Legislature for the regula- 
tion the practice engineering, before the other societies 
would co-operate with securing bill which would aeceptable 
the entire profession. 
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Believing would interesting know the number ‘the 
various kinds engineers which make our membership, 
requested the Secretary prepare from the List Members 
fication. much labor has been presented 
herewith tabular form. will this classification 
our Secretary treats civil one divisions ‘classes. 

have alluded the status the Germany, and 
now describe its condition more length, also referring briefly 
conditions that exist few other countries. This done with 
view comparing conditions these countries with 

information regarding Germany taken from 
Engineering, London, December 20th, 1912, entitled “The Verein 
Deutscher was founded Quoting, verbatim, 
the dominating ideas are expressed under three, heads: 

“1, The society must its activities embrace the whole of. Ger- 
many. that anticipated Bismarck’s: federa- 
tion years.] 

Local sections (Bezirksverein) must founded parts 
Germany. 

good journal must published.” 

than 10000; and 1912, about 

for its object, indicated the printed statutes, the inti- 
mate co-operation the intellectual forces German technical science 
for the benefit the entire industries the 
is' meetings the entire Verein and its local 
research subjects industrial The membership em- 
braces (a) engineers, and those capable advancing the objects 
the Union. are made from the general fund toward the 
support local sections. All members the Empire must 
belong local one year 300 business meetings were held 
and 400 subjects were delivered. The question 
box use all sections, and general technical committee answers 
all questions not the section the 
regular meeting. These local sections, ‘are touch 
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Courses instruction through works are arranged 
for, and frequently exchanged between sections. 
timent plays more prominent part the life the local sec- 
tions than English [and, may say, American] prejudice would allow.” 
Honors are bestowed leading they reach advanced age. 
and “the graces are not neglected.” Headquarters, libraries, 
and reading rooms are often hotels, the mutual benefit the 
section and the proprietor. Weekly are held with tables 
reserved. attend the monthly meetings, Play the skittle 
alley, and free and easy beer evenings features some 
sections. Board Management seven selected delegates 
from the sections, and this couneil controls, except 
when they meet with the delegates. Local sections are self- 
governing, provided their constitutions are approved the council 
and their actions further the society’s objects. -General annual meet- 
ings are held. The backbone organization the Journal. 
1911 had 2200 pages text, exelusive the advertisements. News 
and proceedings local sections are published. Books are .reviewed 
with Brief abstracts are given important articles 
more than leading follow closely the article 
itself, and are then reprinted side the sheet, with room 
for marginal Much space devoted correspondence. Orig- 
inal researches are encouraged, are made from the general 
fund therefor. Medals are awarded for specially good work, and bad 
work not permitted. the supplement the Journal, questions 
financial, political, literary news are treated. The 
general aim the supplement afford the engineer knowledge 
the wider world which serves, and bring the needs the 
engineering world before the sociologists, economists, and politicians. 
“The enormous number members and the influential. positions 
which many them hold, make the Verein power the land, with 
voice for the industrial elements such other country possesses.” 
has had great influence education, and has banished 
Latin and Greek from the curriculum. 

State administrations has been inaugurated and meeting with 
great patent Jaws and the purification 
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Chief Engineers....... 
Assistant Engineers. 
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CHARACTER EMPLOYMENT THE MEMBERSHIP THE AMERICAN SOCIETY CIVIL ENGINEERs. 


for) 
\ 4 In the List of Members, February 10th, 1914, a large percentage of the total membership ge do not give any specific occu- 
- pation, and therefore cannot be classed. The numbers and percentages in the following Table, therefore, are based on the 5 864 
whose occupation is given in such a way as to enable them to be classed at least with some degree of probable accuracy. 
CHARACTER OF EMPLOYMENT. PRIVATE PRACTICE. 
Civil Engineers...... 1 | 3.3 
Consulting Engineers 5 3 4 11 27.0 
Chief Engineers............... 102 | 14 54 | 124 |- 125 |......]. 15.6 
~ Assistant Engineers........... 200 | 168 61 163 | 188 |...... 28.5 
Instrumentmen, etc........... 1 ose se epele 0.2 
Presidents, Managers, Superintendents, 
Professors and Associate 4.1 
Assistant Professors and Instructors..|......|. 0.2 
= Corps of Engineers............ 2.0 
Commercial Representatives. 0.6 
2 1 0.8 


RECAPITULATION. 


Z CHARACTER OF EMPLOYMENT. PRIVATE PRACTICE. 
gs = wis = 
Assistant Engineers 496 | 271) 456) 768 39.8 
Zz a Instrumentmen, etc.......... 21 65 14 18 89 2.7 
Professors and Associate 188 
Miscellaneous...... 8 4 1 0.4 
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CHARACTER OF EMPLOYMENT. 


Percentage. 


Railroads 
National 
Governments. 
States and 
Counties, 
Municipalities. 
Private Com- 
and 
ndividuals. 
Hydraulic 
Structural. 
Mining. 
Chemical and 
Metallurgical, 
Highway. 
Heating and 
Ventilating. 


Consulting Engineers. . 
Civil Engineers..... 
Chief Engineers 
Assistant Engineers.... 
- Instrumentmen, 
Presidents, Manage 


| Miscellaneous. 
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technical language has received attention. has fixed mechanical 
standards well fees for engineers and architects. Needy members 
are assisted with tuition allowed 
templated. 

have dwelt considerable length the abstract this article 
because shows what might have -been accomplished this country 
had the management our shown the same interest the 
profession large has the welfare its members only. 

France the good the entire profession has always been the 
object the Société des Ingenieurs- Civils, which the title the 
engineers the Ponts Chaussées and other Govérnment engineers. 
This Society was founded 1848. flourished from the beginning, 
donations. 1877 its was com- 
pleted, and the Society moved into it. Government engineers are 
not eligible, but was organized largely the Govern- 
ment schools. Its avowed objects are: 


engineering 

aiding the development applied science auxiliary 

civil engineering and assist industries; 

extend ‘professional teaching among ‘workmen shop 

investigate questions industrial economy administra- 
tion, increase the power production and wealth the 
country 

insure close relations among its members; 

act kind of-employment bureau members; and 


examination year-book the Society indicates very 
prosperous condition, both finances and membership. The 
members are scattered over many colonies and foreign countries. 
tions exist provinces, 

The following quoted from the List Members the 


“The Institution Civil first established, and-has 
since been incorporated Royal Charter, for the General Advance- 
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of. Science, particularly for promoting 
the acquisition that species knowledge which constitutes the pro- 
fession Civil Engineer; being the art directing the great sources 
power Nature for the use and convenience man, the 
production traffic both for external and 
internal trade, applied the construction roads, aque- 
ducts, canals, river navigation and docks, for internal intercourse 
and exchange; the construction ports, harbours, 
waters and lighthouses, and the art navigation artificial power 
for the purposes commerce; and the construction and adoption 


This very similar our own, and its 
well known not require detailed reference here. All members 
admitted below the grade Member are required pass examina- 
tions. The list contains the names more than 9000 members 
all grades. 

Canadian Society Civil Engineers was organized 1887. 
Its objects are: 


facilitate the acquirement and exchange professional 
knowledge among its members; and 


Article the reads follows: 


“The term ‘Civil Engineer’, used this Society, shall mean all 
who are, have been, engaged the designing constructing 
railways, canals, harbours, lighthouses, bridges, roads, river improve- 
ments other hydraulic works, sanitary, electrical, mining, mechanical, 
military works, or.in the study and practice navigation water 
air, the directing the great sources power nature 
for the use and convenience man.” 


will noted that this Society conceives civil engineering 
embracing all engineering activity. 

The standard membership not high the 
our but candidates who are not graduates recognized 
colleges are required pass examinations. divided 
into four sections: Electrical, Mechanical, Mining, and Note 
the absence Civil. Provision for branches important 
centers, They have code ethics, and two Provinces, 
Manitoba and Quebec, the practice engineering limited law 
members the Efforts are progress secure similar 
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all other The list. shows 2627 members all 
grades. 

Members need description our own organization. While our 
growth has been phenomenal, standard our membership 
generally maintained high level, there feeling 
that there something wrong, and that are not accomplishing 
the good there us. Section Article our Constitution 

“Tts object the advancement engineering knowledge and 


practice and the maintenance high professional standard among 
its members.” 


Our total membership all grades more than believe 
there are fully 40000 men the United States who are eligible for 
various grades membership, about the same proportion the 
list now made up. hardly safe assume that the reason they 
are not members because they cannot afford be. think safe 
assume that though they value the prestige membership, they feel 
that the benefits are too The engineer’s calling generally 
imposes isolation, and yet they all dearly love companionship and 
exchange ideas with one another. What need and ‘ought 
have the establishment State organizations and sections 
all important cities. This matter has been studied special, com- 
mittee and discussed one our:Annual Meetings, but, because 
felt that our duty with the welfare our own members, 
provided the Constitution, the met with encourage- 
ment. true that permit local members large cities band 
together and call themselves Associations Members the Am. 
E., but they, organizations, have voice our govern- 
ment, cannot mingle with other local organizations, and, 
very large cities where other sections already the formation 
associations impossible. The such local 
associations miéans flattering our pride good management. 
The result our narrow policy has been that organizations, embracing 
members all the allied civil engineering, have sprung 
‘nearly all cities inhabitants, and national 
engineering societies have their own local sections established many 
these centers, and are with other local organizations. 
Some these societies are means scope. the inde- 
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pendent organizations the membership many has 
not been high our own because the necessity 
for large membership order meet expenses, and, like the German 
and Canadian Societies, all classes are taken in. all these 
organizations our who have joined, some- 
matter civie pride and more often because they found 
which could not reach them through 
the medium our from New York. All but few 
these organizations are struggling for existence, and are unable 
publish their papers and discussions. ‘Some are prosperous, and 
one Boston antedates our own organization several ‘years. 
the duty this Society extend helping hand all who need 
it, and take the initiative effort amalgamate gradually 
all engineering homogeneous and 
mass, permitting each, far possible, retain its name and 
identity. Some sacrifice the part all would doubt necessary. 
Union has not been possible among religious sects, but have here- 
tofore shown, engineers are necessity managers, and, with their 
spirit fair play and good sense, ought able get together. 
Call what you will, the American Engineer Confederation, better 
still, the American Confederation Civil Engineers. 

would not lower our standard requirement for membership, 
but, extending local societies limited financial assistance where 
needed, can raise the general standard, and, doing this, can 
elevate the profession large make printed code ethics 
unnecessary. 

The time has come for the engineer possess his own. The public 
awake the advantages sound engineering advice. have 
our power, taking sides political contests, exert 
beneficial influence National, State and Municipal affairs. Some 
the matters the conduct which should exert marked 
influence are. the following: 

should seek stop the economic waste, caused by. the improve- 
ment projects for internal and harbors, the 
means for which are often wrung from Congress padded and dupli- 


cated commercial statistics, the object being aid Congress- 
men re-election, 
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seek have the civilian engineers the employ: 
the Government given proper recognition their services the 
matter credit, rank, salary, and retired pay. 

should see that the mad schemes for flood rivers 
are punctured before money expended them, and that practicable 
schemes, considering the entire drainage whole, are adopted 
and their execution begun sound soon 

every State and every city should our 
influence toward the securing. safe and sane building laws, free 
from the selfish private interests and trades unions; that pub- 
lic moneys derived from bonds and taxes are not squandered 
impossible and unnecessary. projects. which have not been the subject 
proper engineering scrutiny; that sanitary officers are chosen for 
their fitness, and not because they write after their names; 
and that sanitary methods water supply and sewage disposal are 
adopted the rural should make use the non- 
technical press all legitimate ways, order bring before the 
minds ‘the public large the importance the engineer civil 
life. Whenever let the people know that are organized, not 
only for our improvement and protection, but for the public. good, 
need have fear not receiving proper consideration. 
wont twit our medical friends the fact that they often bury 
their mistakes, while our’s stand plague us, but dare not com- 
pare records with them charities and public spirit. 

Before undertaking show others what they ought do, 
should first put our own house order. Good engineering good 
management. From our financial statement would appear that 
are very prosperous condition, which doubt true, and 
wish congratulate our past management its wisdom and fore- 
sight this respect, but are getting that can out our 
present resources 

Our Society house located what becoming the business 
district New York City. The present value the land and build- 
ing not less than $600000. Two large rooms are maintained 
Auditorium and Assembly Room, respectively. One these used 
for the fortnightly meetings which the attendance averages about 
will seat 500 persons. the occasion our Annual Meeting 
both are needed for the Smoker, but most the members prefer 
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the lower 700 find crowded and 
badly The annual ball was held this year the Hotel 
Astor because the Society halls were inadequate. 

There are now employed the building. contains 
library 80000 volumes, with room for 150000, also Reading 
Room which was used last year readers. Research work for 
resident and non-resident members performed cost the Society’s 
Our stock publications, costing about kept 
the building. 

Interest the value our property makes the rental 
pay for this per annum. would seem possible 
and wise issue bonds and erect building, portions which could 
rented for sufficient amount pay our interest, establish sinking 
give rent free. The upper floors should rented, prefer- 
ably engineer tenants, the street floors merchants. The top 
part the would -supply our auditoriums, and per- 
haps roof garden. The architectural possibilities should atone for 
any fancied loss dignity. Using elevators nowadays 
ered The amount now devoted rent would very far 
struggling sections. 

Pending the working out these larger problems, there are minor 
steps which can taken once, which will add the value our 
membership: 

The volume now called “Constitution and List Members” should 
published the form year-book, containing all that now 
contains, and, addition thereto, codification the by-laws, which 
have been passed from time time the Board Direction and 
are subject change it. There are other matters general interest 
which might profitably 

The minutes our Society are now published the Proceedings. 
Few the preserve Proceedings because most the 
papers therein are duplicated the More important 
items the Proceedings, including the Board 
Direction and Annual Meetings and Conventions, should included 
the year-book, and would thereby preserved without compelling 
the expense binding and preserving volumes Proceedings. 

The classification which the Secretary has inaugurated should 
be.a regular annual feature, and each member should required 
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return his calling the same time does his Steps should 
taken provide for transfer the Associate class 
all members who abandon engineering practice and devote them- 
selves exclusively the promotion sale patented articles and 

The provisions for expelling guilty improper conduct 
should made less complicated and the placed hands 
the Board Direction. The Board Direction should empow- 
ered, and required, espouse the cause any who the 
object unjust attack. Fees should paid members for 
able extracts engineering articles appearing technical papers;. 
and for unbiased book reviews, and the advisability 
the monthly notes important engineering articles, now published 
the Proceedings, should investigated. There are many things 
the “Constitution” that should placed the by-laws. 

not prepared methods which the ideals which 
have heretofore rather vaguely outlined may brought into realiza- 
tion, but feel that whenever thing ought done, way can 
found it, and believe representative committee our 
Society should appointed study what ought and how 
it. 

Before closing remind you next Annual 
vention will probably held the Pacific Coast, and that, 
nection with the Panama-Pacific Exposition, this Society 
ing with National Engineering organizations the holding 
International Engineering Congress this Exposition. The 
organization and conduct this Congress the hands Com- 
mittee composed the Presidents and Secretaries 
each these Societies and local Committee. 

expected that many foreign engineers will visit the Exposi- 
tion and attend the Congress. They will come individuals, 
groups, and Special Committee entertainment 
these foreigners has the five National Societies, 
consisting two members meeting these Committees 
has been held, and substantial progress made toward the union all 
our engineering the laudable purpose 
taining these guests. are going show them American 


Engineers can get together, notwithstanding their separate organiza- 
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tions. are going try, through this Committee, organize 
similar committees from representatives the five engineering socie- 
ties and all the which any, number 
foreigners are likely stop. These committees are going try and 
secure co-operation the organizations all these cities 
that our guests may feel that they are the guests the country and 
not mere unattached tourists and sightseers: that 
securing the co-operation these societies for the first time their 
history, the first great step toward unification the civil engineers 
America has been taken. 

has not been customary this kind refer 
sad subjects, but feel that will pardoned turn from practical 
things for moment attention the loss which our Society 
and your Board sustained the deaths Mr. Emil 
Gerber and Past-President Alfred Noble. Mr. Gerber was conscien- 
tious and practical member the Board Direction, and cheerfully 
gave his time the profession. was member two Special 
Track. was also member the Finance Committee. shall 
miss him greatly. Mr. Noble was member the Special Committee 
Valuation Utilities and was Chairman the Special Com- 
mittee Investigate Conditions Employment of, and Compensation 
of, Civil Engineers. was Honorary Member the 
Civil Engineers Great For his great service connection 
with the Isthmian Canal projects, owes him debt 
gratitude which can never repaid. should our duty and 
pleasure see that all our influence directed toward securing, 
the part the Government, fitting and enduring tribute his 
memory. 

cannot close this address without giving deep 
appreciation and thanks for the honor which was conferred upon 


selecting for your President, 
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TRANSACTIONS 


This Society is not responsible for any statement made or opinion expressed 
in its publications. 


Paper No. 1311 


CALIFORNIA PRACTICE 
HIGHWAY CONSTRUCTION.* 


This paper describes suburban and country road conditions 
California and the progress road building that State during the 
past. few years. The State contains plentiful supplies good road 
materials, rock, gravel, asphaltic oils, and there are several cement 
factories, 

The water-bound and oiled macadam roads are and also 
concrete and asphaltic pavements; and details are given the good 
and bad features the bases and the wearing surfaces. Some costs 
pavements are included. 


With exceptional advantages regard road materials, Cali- 
fornia is, nevertheless, its infancy the study road construc- 
tion. Until about six years ago, practically permanent road sur- 
facing had been done outside the municipalities. the different 
counties some the more important roads had been graveled, and 
great many the county roads had been oiled, but these measures 
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were taken more for the purpose maintenance than permanent 
construction work. The graveling was generally done during the rainy 
season order to. make the roads passable, and the was 
gradually worked down mud was replaced more until 
the depth penetration the surface water was reached, when the 
road became good gravel highway. The oiling was generally done 
dry weather, and the oil and dust formed thin crust the surface 
which was broken through heavy traffic, and not promptly 
paired the road was soon impassable. 

The southern counties the State, which have ever been the leaders 
public improvements, had expended some funds prior the general 
awakening 1908. These counties developed certain classes cheap 
construction (to described later), which, for time, gave them 
enviable reputation for roads. 1908, however, the northern counties 
awakened the need better roads, and bond issues were passed 
several these counties for the purpose putting permanent sur- 
faces their; principal The idea State highway: system 
was developed 1911, and, 1912, State Highway Commission was 
created: and bond issue $18 was voted for the construction 
system State highways. 


California rich many the materials which make 
the modern road. The Coast. Range prolific trap rock. The 
Sierras are composed mainly granite, though the foot-hills are 
sandstone and shale; there are, however, the foot-hills, few quar- 
ries good road rock. Gravel good quality for either road 
material concrete, found within easy distance nearly 
every locality. There are four large companies manufacturing cement 
the region San Francisco Bay; mineral oil, with asphaltum 
base, obtained eight different fields, distributed over about one- 
third the State; and the largest refinery the United States, pro- 
ducing asphaltum and road oils, located San Fran- 
cisco Bay. 

Roap 


Only the types road surface used country and suburban roads 
will discussed this paper, and each type will taken and 
deseribed separately. 
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Water-Bound Macadam.—This type pavement needs descrip- 
tion; has been laid extensively particularly about the 
centers population. many cases has been laid finished 
thickness little in., which case the coarsest size rock 
omitted, and the macadam laid two sizes only. has been 
found that trap rock makes the best pavement, and that some the 
softer varieties have the best cementing qualities. fact, some 
the best macadam pavements which the writer has ever seen have 
been laid with rock which would not pass the rattler test. 

Where the sub-base has been properly prepared and drained, and 
the rolling has been thoroughly done, and where they have had the 
necessary sprinkling, macadam roads have stood well 
even under automobile traffic. deplorable fact, however, that 
the average road-builder underrates the necessity for care the 
preparation the 

Two facts are worthy special note the building macadam 
road: First, that good macadam road cannot built rainy 
weather when the sub-base soft wet from any other cause. 
obtain proper cementation the rock, there must considerable re- 
sistance the rolling. Second, the duration the rolling cannot 
specified units time per unit.of area, depends the 
nature the rock and various other conditions which make the 
judgment the engineer charge necessary. 

Oiled Macadam.—This type paving peculiar the localities 
producing asphaltic oil. There fixed specification for its 
construction, but laid under many different ones, according 
the whims the engineer charge. The name covers all classes 
road surface which oil with road metal binder. 
The usual method construction lay the road metal roll 
the various layers the same manner for water-bound macadam, 
applying each layer sprinkler certain specified quantity 
asphaltic road oil. constructing this pavement, the main difference 
opinion among road builders regard the quantity oil 
applied. 

matter fact, very proportion the total area 
oiled macadam pavement constructed has been Under 
heavy traffic ruts and waves very badly. the opinion 
that, even under the best conditions, this pavement has little justifica- 
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tion. Oil has more lubricating than binding properties, and its in- 
troduction into macadam pavement has tendency 
stability the metal. successful examples pavements this 
class either localities where conditions are 
such evaporate the more volatile parts the oil, where the 
application has been made such manner achieve the same 
result. Oiled macadam roads which have become rutted 
impassable, have been converted into fairly good pavements 
scarifying and re-rolling, thereby aerating the oil and causing 
the evaporation the lighter constituents. 

Under this heading should properly come patented pavement 
known Petrolithic paving, which has been developed the South- 
west, and tried somewhat other localities. consists essentially 
the incorporation with the natural soil certain definite pro- 
portion rock and certain quantity oil, and the tamping the 
mass into crust, pavement, roller containing spike-like pro- 
jections which tamp the mixture from the bottom up. This pavement 
been used with some success localities where the soil 
sandy. rather than clayey character, and where the summer 
ature high. 

The cost oiled macadam pavements, in. finished thickness, 
about cents per sq. yd., and that Petrolithic pavements the 
same depth about cents. 

Concrete Pavements.—Very little straight concrete pavement has 
been laid without wearing surface. The 
experimental piece which has been laid with ex- 
pansion joints, but has been use too short time the source 
any information present. was put down two courses, the 
finish course being laid before the base course had set. pavement 
in. cost about per sq. yd. 

eke out insufficient bond issue far possible, the 
State Highway Commission specified the standard pavement, 
4-in. concrete base with asphaltic wearing surface; and or- 
dered that the base alone should constructed first, and either 
covered with temporary coating oil and screenings; left 
unprotected until additional funds were available. hundred 
miles this base have been laid, large part which has broken 
into series slabs shrinkage cracks; some being’ more 
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than in. wide. One stretch, the writer’s knowledge, has gone 
pieces surface wear, but possibly this due poor work 
which might have been prevented better inspection. The cost this 
base, inclusive grading and little protective coating has 
been used, has averaged cents per sq. yd. 

might expected from the fact that 
asphalt high grade manufactured California; the cities and 
suburban districts contain high proportion pavements: 
The standard San Francisco pavement in. sheet-asphalt 
in. concrete. the smaller suburban cities, this modified 
asphalt being replaced asphalt macadam, under’ the 
various Warrenite, Topeka specifications, The 
concrete base often has asphalt macadam substituted therefor, and 
there now toward the macadam base for 
ments. 

opinions differ largely the respective merits the various 
classes bases and wearing surfaces, the writer will merely give 
the results his experience and his opinions derived therefrom. 


(a).—The concrete base has the disadvantage high shrinkage 
setting and large expansion. The causes 
the base crack into slabs setting consequent destruction 
its monolithic quality. The latter causes movement after the 
wearing surface, and, consequently, cracks the latter. Another fault; 
which one general practice construction rather than the 
materials construction, that the concrete generally laid such 
manner that the surface gently undulating rather than 
lutely uniform. This causes the wearing surface varying 
thickness and subject unequal movement, will described later 
under that heading. This can obviated, however, trimming 
the concrete base with template while laying. 

This base the one most commonly used, due popular preju- 
dice its favor. Most laymen and many engineers cannot get away 
from the idea that rapid chemical reaction will produce substance 
more serviceable than rock combined the 
gravity and stability. 
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Fic. 1.—RESULT OF OILING A CLAY ROAD. NOTE THE CHUCK HOLES WHEN 
THE SKIN IS BROKEN THROUGH. 


Fic. 2.—RESULT OF OILING THE SURFACE OF A WATER-BOUND MACADAM RoaD. 
NoTE THE CHUCK HOLES WHEN THE SKIN IS BROKEN THROUGH. 
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(b).—The base has not given good results, for 
the following reasons: has stability, but subject the same 
faults the too-thick asphaltic wearing surface which will 
scribed later. 

addition, asphalt contact with soil has tendency promote 
vegetable growth, and many pavements this class have been heaved 
and broken from root growth, where, prior the placing the 
pavement, such growth did not exist. 

(c).—A water-bound macadam base the best for supporting 
asphaltic wearing surface, for various reasons. has stability due 
the seating its component parts, which not dependent any 
chemical action. has movement under temperature changes. 
not rigid, and, therefore, does not give the destructive reaction 
impact the surface the asphaltic pavement, which feature 
the concrete base. The surface free from depressions which vary 
the thickness the wearing surface. 


SURFACE. 


(a).—The limits efficacious thickness the wearing surface 
are quite small. The wearing surface must thick enough 
held position its own inertia, has but small cohesion the 
base; and must thin that the compression rolling shall 
communicated throughout its entire thickness. inadvisable 
make the wearing surface less than in., more than thick- 
ness. Where the asphaltic wearing surface laid such thickness 
that the compression not communicated throughout the entire depth, 
the compression not uniform, and the subsequent adjustment, which 
always takes place asphaltic mixture insufficient density, causes 
inequalities the surface which are starting points for failure 
waving. 

(b).—The quality the pavement and the roughness the surface 
are not dependent any great extent the size the coarse aggre- 
gate. The best and most durable mixtures are those containing the 
highest proportion fine aggregate 200 mesh. the mix- 
ture laid hot enough, and the compression properly done, the fine 
material, will come the surface and thoroughly fill 
all the voids the coarse aggregate, which then merely serves 
decrease the quantity asphalt necessary. The only way obtaining 
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the rough surface much desired some, either have 
cient fine material fill the voids, lay the mixture cold 
with insufficient compression. each case, the wearing surface will 
open and spongy. Also, the coarse aggregate projects above the 
general surface the pavement, the stones are rolled 
steel tires passing over them, leaving voids where disintegration may 
start. 

The costs the various types asphaltic pavement are follows: 
sheet-asphalt, concrete per sq. yd. 
Topeka specification, asphaltic wearing sur- 

face 4-in. concrete base..............$1.15 per sq. yd. 
2-in. Topeka specification, asphaltic wearing sur- 
face 4-in. macadam per sq. yd. 


The laying asphaltic wearing surface old macadam 
pavement, with other preparation than the cleaning off the fine 
material, has been done with great success. The cost 
Topeka specification wearing surface laid old macadam about 
cents per sq. yd. All the costs given are based labor and material 
costs prevailing the bay counties about San Francisco. 

Another matter worthy note the tendency municipal gov- 
ernments California require street improvement work the 
outlying districts follow the same lines the thickly settled parts. 
Where the property large tracts, the villas have their own drive- 
ways, that there occasion for teams vehicles stop front 
the property, nevertheless most the municipalities require the 
placing cement curbs and sidewalks, and the paving the roadway 
from curb curb, business blocks, thus spoiling the possibilities 


architectural landscape work. 


| 
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DISCUSSION CALIFORNIA HIGHWAY 
DISCUSSION 


Hoar, Jun. Am. Soc. (by Mr. Hammatt’s 
very interesting paper, has brought out very clearly that Cali- 
fornia there first-class road material all 
kinds, well distributed over the entire State, and that, therefore, poor 
roads there are inexcusable. The author, however, makes several state- 
ments, which, though true, sense, must misleading those 
who are not thoroughly familiar with all the conditions. The writer 
pleased note Hammatt has spoken highly water- 
bound macadam. This type pavement when well-drained, laid 
properly prepared sub-grade, and carefully constructed, has still 
great deal usefulness. 

Under the heading, “Oiled Macadam,” the author says, very 
small proportion the total area oiled macadam pavement con- 
structed has been successful.” also says, “even the: best 
conditions, this pavement has little justification.” Now, matter 
fact; there has been some success, there certainly some justi- 
fication for its use. the introduction the paper Mr. Hammatt 
states that has been only the last years that any real road 
construction has been undertaken California, but that great deal 
graveling and oiling had been done temporary improvement. 
Such the the first practice oiling being merely afford 
temporary relief from the dust nuisance and protect earth and 
gravel roads from ravages heavy rain storms. Observation the 
results obtained this treatment led adoption this material 
road construction, and finally the present perfected type 
very small proportion the oiled macadam roads has been successful, 
the author has presumably taken stock all ‘those old oiled dirt 
roads, only few which can considered all oil macadam. 

true that first there were fixed specifications for work 
this class. was then the experimental stage, and each engineer 
was doing his own experimenting the expense city, county, 
State. Los Angeles County alone probably were prac- 
tically wasted during this experimental stage, simply because the 
engineer then charge refused profit the experience and advice 
others, but would learn for himself. Other cases the same kind 
have occurred, and these unfortunate conditions have done much 
blacklist pavements this type. present engineers engaged 
work this class have adopted similar specifications and obtaining 
general success, 

The author states that the successful examples pavements this 
type have been either localities where climatic conditions are such 


Hoar 


uffi- ] 
will 
the 
nay 
yd. 
yd. 
in. 
e- 


Mr. 
Hoar, 


CALIFORNIA HIGHWAY CONSTRUCTION 


evaporate the more volatile parts the oil, where the applica- 
tion has been made such manner obtain the same results. 
Now, success obtained certain method one place, would 
not good practice adopt such method other localities? 
matter fact, asphaltic oil which will meet the requirements 
the usual specifications now adopted has practically lubricating 
properties and very little volatile matter. The foundation stones are 
laid and rolled until thorough mechanical locking the particles 
takes place and firm and solid water-bound macadam 
ment; then the oil, high.temperature, sprayed under pressure 
such manner that finely divided state and penetrates 
the interstices the stone, acting primarily binder. Constructed 
this manner, there can rolling movement the stones, 
pointed out Mr. Hammatt.. The wearing surface finer aggre- 
gate laid this foundation. 

The patented form Petrolithic pavement means oil 
macadam pavement. merely earth road with sand and oil 
incorporated depth in., forming thick rubbery mat, 
which pushed and pulled the traffic stresses until resolved 
into series humps and hollows: hot climate remains 
soft and and soon becomes wavy and covered with ruts that 
almost impassable. The Petrolithic Company’s tamping roller, 
however, has come into very good use compacting sub-grades and 
earth The prongs, sheep’s feet, this roller reach through 
the bottom the sub-grade, and, starting there, compact uniformly 
all the way the surface, making solid crust arch carry the 
weight the finished pavement and its transmitted stresses. 

Probably the strongest argument against bituminous oil-macadam 
pavements the difficulty obtaining good inspection, which must 
had secure satisfactory results. the contrary, argument 
put forth by. the advocates concrete roads that, because this 
lack trustworthy inspection, concrete the only type from which 
satisfactory and certain results can obtained. practice, how- 
ever, this has proven far from the truth. The argument 
that, matter how little care has been taken the preparation 
the sub-grade, how poorly the concrete has been mixed, will 
become hard and form good solid foundation, and will carry the 
traffic safely over the bad places the sub-grade. Experience, how- 
ever, has shown that, secure satisfactory results concrete 
roads, just much attention must given the inspection for 
any other type; for lack the proper quantity cement poor 
and insufficient mixing soon indicated rapid disintegration. 

The type wearing surface which has met with the greatest 
cess roads having concrete base consists coat oil 
and crushed stone screenings ranging size from in. The oil 
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thus almost exposed the action the atmosphere, 
which causes “set”, thus cementing the particles the aggregate 
well together the the coat thin and uniform, 
easily applied, cheaply maintained, and permits equal compression 
throughout the mass. 


the writer’s condemnation oiled macadam pavements brought out 
some contradiction. Although this type pavement has lost many 
its advocates, there still remain many who believe its value 
pavement. The writer, however, maintains that only small pro- 
portion the total mileage oiled macadam pavement which has 
been laid, has been successful, and does not include the oiled dirt 
and gravel roads under this heading. knows road the 
central part the State, which has been under varied traffic for two 
years, which has remained good condition without expenditure 
least cents per sq. yd. for repairs. There are some, where 
traffic restricted pleasure vehicles, which have remained good 
condition, and these are cited examples advocates this class 
pavement. 

The value oil road material lies the formation 
surface skin the volatilization the lighter constituents. This 
skin very durable, and long remains intact, protects the 
general body the pavement. the southern part the State, 
where Mr. Hoar’s observations have largely been made, the sandy 
nature the soil and the hot, dry climate are such increase the 
thickness the skin. Nevertheless, examining the roads between 
Los Angeles and Pasadena, the writer has noted that those carrying 
the automobile traffic are the only ones which hold their shape. 

sum up, the justification for the adoption certain type 
pavement can only from its structural excellence its economic 
value. One type will not justifiable another type will make 
better appearance and keep better condition smaller cost. The 
writer’s experience has been that protected water-bound macadam 
pavement will this. This type may made fit all conditions 
varying the thickness the base and the protective covering. 
macadam pavement, thick, with skin protection asphalt 
and screenings, will cost about cents per sq. yd., and will require 
annual expenditure about cents per sq. yd. for upkeep. In- 
creasing the protective covering in. thickness asphaltic 
macadam increases the cost about $1.10 per sq. yd., and the upkeep 
will nil for from years. Compare these costs, well 
the appearance and usefulness the pavement, with oiled macadam 
under the best conditions, and the writer believes that there will 
justification for the latter. 
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skin oil and screenings has been applied some the 
bases the State highway for their protection. This has 
been quite pointed out Mr. Hoar, for the reason that 
the oil does not penetrate the concrete, and the absorbing 
heat, promptly carbonizes the oil and hardens the skin. Moreover, 
for thin coating, probable that oil better than asphalt, 
the coating will more resilient and cause less impact the concrete. 
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CINDER CONCRETE FLOORS.* 


the following paper the manner using reinforced cinder con- 
floor slabs various cities the eastern part the United 
States described. Especial attention ealled the arbitrary 
manner using this material, and the insistence continuing this 
arbitrary use, New York City, indicated the latest building 


codes. 
Attention called the unit stresses adopted various cities 


and recent data tending establish unit working stresses from 
The qualifications this material for the purposes de- 
scribed are discussed, and comparison with stone made. 

The manner arbitrary testing described, and the difference be- 
tween the conditions such tests and the actual loadings found 
buildings pointed out. 

Analysis made the arbitrarily approved reinforced cinder 
floor slabs, showing the stresses which would imposed 
the materials the maximum approved loads, 

Cinder concrete described and tabulations are made for the loca- 
tion the neutral axis and for the carrying capacities, assuming 
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various unit stresses. The influence the stresses due excess 

Analyses stresses allowed such tests indicate:that some cases 
approvals have been given for dangerous construction; pointed 
out that arbitrary tests can made which indicate carrying capacities 
not possible under the conditions actually found buildings; and 
shown formulations and tabulations that cinder con- 
crete may easily and uniformly designed adopting working unit 
stresses, and that several cities have adopted such stresses for this 
material. 

The writer believes that this paper has amply demonstrated 
that the only manner which this material can ever uniformly 
used under various conditions for each locality adopt unit stresses 
suited its own conditions. 


Where cinders good quality can obtained, cinder concrete, re- 
inforced with steel, for fire-proof floor construction, used very ex- 
tensively the eastern part the United States. estimated 
that more than 50% the large fire-proof constructions Phila- 
delphia, Pa., have reinforced cinder concrete floor slabs, and New York 
City has probably larger proportion. 

Floor slabs stone and gravel reinforced with steel, 
the same general form cinder concrete, have been systematized en- 
gineers that they are being used rational basis; but cinder 
has been allowed straggle along, without much attention 
from engineers general, and being used varied manner. 
Most large cities, such Philadelphia, Pa., Boston, and Chi- 
cago, Ill., require cinder concrete for floor slabs designed, 
thickness and quantity reinforcement, with certain values 
unit stresses limit. 


New York City, and most small cities the eastern part 
the United States, unit stresses are not considered the use 
such concrete. these places, the use either entirely arbitrary 
separate test required for each condition. 

New York City, since the beginning the use cinder con- 
crete floors, 1896, there have been some 200 approvals for reinforced 
floor slabs this material, based load tests. These approvals were 
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for varying spans, thicknesses concrete, and quantities rein- 
forcement. The tests have generally been conducted with uniformly 
distributed load—of pig iron, bags cement, sand—imposed 
the slab. 

The writer has been informed that since 1911 concentrated load 
tests are required for all new approvals, the Borough Manhattan, 
New York City. will shown detail, the results former tests, 
which include all principal constructions use, are extremely vari- 
able. The result that now there are approvals concrete floor slabs 
which the effective in. in. total thickness) and the 
reinforcement less than per sq. ft. 8-ft. span, and with 
live floor load 250 per sq. ft. these slabs the concrete 

One the dealers reinforcing materials for cinder concrete 
publishes statement what calls its “authorized use” the 
Boroughs Greater New York City. This 1:2:4 mixture, with 
5-in. effective depth 12-ft. spans for live loads lb. per sq. 
ft.—or total load about 120 lb. 

Each contractor New York City held strictly the details 
construction for his approvals. For instance, the approval al- 
lows live load 250 lb. per sq. ft. 6-ft. spans, and desired 
use the construction for live load only lb. per sq. ft., ft. 
spans, this construction will not allowed for this excess 
in. span, though stressed less than with the approved loads. 

Moreover, stone and gravel reinforced concrete floor slabs are re- 
quired designed according the following values: Extreme 
fiber stress concrete, 650 lb. per sq. in.; maximum tension mild 
steel, per sq. in.; ratio moduli, 15. According these 
values, stone concrete slabs some instances would designed with 
greater thickness and have greater reinforcement than the approvals 
for cinder concrete. 

The writer believes that the excuse, that cinder concrete 
extremely variable not permit the assignment unit stresses, 
not well founded. The fact that cinder concrete being used exten- 
sively engineering construction sufficient reason for assigning, 
for safety, some unit stresses, order insure uniformity. The 
present manner making arbitrary approvals has led confusion, 

various forms reinforcement obtaining approvals which the 
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spans, thicknesses concrete, quantities and floor 
loads vary beyond description. 

The building codes 1912 and have persistently 
continued the present manner using cinder concrete (with slight 
modifications) for floor constructions.* these codes, the manner 


designing and constructing cinder concrete floor slabs arbitrarily 
specified. the proposed code the allowed carrying capacity 
the slab with in. effective depth 8-ft. spans increased (over 
the 1912 code) live load 250 per sq. ft. 

account these conditions the uses of. cinder concrete 
that the writer has been prompted bring this matter before the 
with the hope interesting the Engineering Profession 


subject which should vital concern many. 

Cinders.—Cinders for concrete floor construction are understood 
mean either hard soft coal ashes coming from boiler plants. Coal 
ashes stove small house boiler are generally too finely 
hard soft coal, and having sharp particles. greatly excess the 
smooth ashes, make concrete considerable strength and good 
fire-resisting qualities. 

Cinders vary size, from the consistency coarse building sand 
clinkers seyeral inches diameter. Some hard-coal cinders run 
perfectly grade that good concrete made without the addition 
sand; more often, however, sand must added, The quantity sand 
required fill the voids variable, but the usual specification 
parts sand parts cinders. 

After long experience the use cinder concrete, the writer 
believes that there should danger assigning working. stresses 
the material, these stresses being taken from tests known mix- 
tures which cinders the lowest grade permitted are used. the 
material too poor have such working stresses assigned, seems 
evident that cinder concrete not safe material for such impor- 
tant part the structure the floor slab. 

Cinder Concrete 1896 some different 
floor constructions have been tested the United States fire and 
water. Nearly all these tests were made under the auspices the 
Bureau Buildings New York City, full-sized floor slabs. About 


Sec. 113, proposed code 1912; and Sec. 104, proposed code 1913. 
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the tests were reinforced cinder concrete floor slabs, some 
stone gravel conerete floor slabs, some form hollow tile, 
and the others special floor constructions. 

The test structures were about ft. square and ft. high, with 
fire grate the bottom and the floor slabs tested forming 
the ceiling. The average temperature the tested floor slabs was 
1700° Fahr, maintained for hours. Following this there was water 
test lb. pressure through nozzle applied for min. 
the under side the slabs. During the fire test load 150 
per sq. ft. remained the entire surface the slabs. After the 
fire test the slabs were subjected total load 600 per. sq. ft. 
view inside one these test structures after fire test. 

these tests, the cinder concrete floor constructions withstood 
the fire and water better than any other material. the writer’s 
opinion, the reason for this not due cinder concrete being more 
fire-proof than the others, but simply the fact that not ruptured 
and destroyed the expansions and contractions caused fire and 
water, 

Hollow tile, material, may more fire-proof than cinder 
concrete, but the stresses due the expansion the exposed surface, 
destroy it. 

The test structure, inside view which shown, was built 
entirely cinder concrete, mixed without sand, and withstood four 
different fires before being torn down make room for improvements. 
Only the surface, for depth less than in., was affected; this was 
dehydrated, but the burned cinder concrete was still intact, and pro- 
tected the remainder the material. this concrete there was 
least unburned pea coal which was unaffected the fire. 

Arbitrary Testing Cinder New York City after 
each type cinder concrete construction had qualified for fire-proofing, 
the variations spans, carrying capacity, were determined 
each manufacturer constructing the slabs proposed use 
and testing them with uniformly distributed loads under the super- 
vision the Bureau Buildings. 

This was the method used for the approvals the constructions 
shown, with the exception Fig. which was constructed for fire test. 
These constructions were taken from the files the Bureau Build- 

ings from among some similar approvals. 
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For comparison with the approved cinder concrete floor slabs shown 
Figs. the writer gives the relative thicknesses and the 
quantity reinforcement for slabs under similar accord- 
ing the unit stresses used Philadelphia, and also thicknesses 
and quantity required New York City for 1:2:4 
stone concrete. 

struction (Figs. 13) with the cinder concrete, that the former 
made unquestionably continuous, and the latter, most cases, 
cut into and simply supported the steel beams (Figs. 10, and 
and 15). 

The approvals for the longest spans with the highest carrying 
capacity were based tests with slabs which were continuous over 
supports (Figs. 7). practice, seldom that cinder concrete 
floor slabs between steel beams can made continuous throughout 
floor. 

Figs. and 15, which are assumptions for illustration, will 
noticed that the reinforcement simply laid over the top flanges 
the supporting steel beams. practice, there way taking 


the slack the reinforcement coming over the tops the beams, and 


the consequences are that under such conditions there can contin- 
uous action—such engineers understand—in the combined steel and 
concrete structure. Unless considerable slack allowed the sides 
each supporting beam, the tamping the concrete works the rein- 
forcement the top the slab. 

buildings where wooden floor used, the sleepers are gener- 
ally laid directly the steel beams, and consequently the concrete 
kept below the top flanges the beams. therefore, the con- 
crete not continuous any part the floor; but the interior 
spaces all floors, whether continuous not, the channels the out- 
side spans, and against openings floors, cannot have either concrete 
reinforcement continuous over them (Figs. and 15). 

any one acquainted with the actual construction cinder con- 
crete floors, must apparent that some parts each floor will not 
admit being constructed with the same care that might attained 
test construction; therefore does not follow that because slab 
was continuous the test, actual practice. 
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AND SIDE CINDER CONCRETE, AFTER THE SECOND FIRE. 
PLASTER ON PART OF CEILING. 


Fic. 2.—ARBITRARY TEST LOAD. SAND IN BaGs 
on 4-IN. SLAB, 36 IN. WIDE AND 6 FT. LONG. 
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No,24 Triangular Mesh Reinforcement, 
No.4 Longitudinal Wires, 4on venters, 


Concrete: 1 Portland Cement, 2 Sand, 5 Cinders, 
Working Load: 400 Ib. per Sq. Ft. 
Fie. 38. 


Style No.4 Triangular Mesh Reinforcement, 
No.6 Longitudinal Wires, 4'center to center. 


Concrete: 1 Portland Cement, 2 Sand, 5 Cinders. 
Working Load: 95 Ib. per Sq. Ft. 


‘American Steel and Wire Co’s— Triangular Mesh Reinforcement, 

Style No.26.—Longitudinal No.6 Gauge Wire. 

‘American Steel and Wire Co’s-Triangular Mesh. Sectional Area = 0.028963 
Relnforcement, Style Nu.7 


Concrete: 1 Portland Cement, 2 Sand, 5 Cinders, 
Working Load: 150 Ib. per Sq. Ft. 
Fic. 


American Steel and Wire Co’s— Triangular Mesh . 


Beam Wrapping Area per foot In, 


Concrete: 1 Portland Cement, 2 Sand, 5 Cinders, 
Working Load: 200 Ib. per Sq. Ft. 


Wires 


Concrete: 1 Portland Cement, 2 Sand, 5 Cinders, 
Working Load: 250 Ib. per Sq. Ft. 


' 
' 
be 
' 
' 
Fie. 6. 
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Weight of Steel required per square foot of area ==0,61 tb, 


Continuous slab 


Above thickness results when Extreme Fiber Stress = 250 Ib. per sq. in. 
Ratio of Moduli =30, and Total Load = 400 -+ 32= 482 Ib. per eq, ft. 


CINDER CONCRETE. 
Fic. 8. 


Weight of Steel required per square foot of area= 0,42 Ib, 
Continuous slab 


Above thickness results when Extreme Fiber Stress = 260 Ib. per sq. in. 
Ratio of Moduli =30, and Total Load = 95+ 32 = 127 Ib, per oq. ft. 
CINDER CONCRETE. 
Continuous slab 


Weight of Steel required per square foot of area = 0,66 lb. 
Above thickness results when Extreme Fiber Stress= 250 Ib. per sq. in. 
Ratio of Moduli = 30, and Total Load = 250+ 32 = 282 Ib. per eq. ft. 


CINDER CONCRETE. 


‘Above thickness Its when Extreme Fiber Si 
ito of Moduli= 15, and Total Load = 400-4 48= 448 Ib. per eq. ft. 
STONE CONCRETE. 
11. 


Continuous slab 


Weight of Steel required per square foot of area = 0,79 Ib, 
Above thickness results when Extreme Fiber Stress = 650 Ib. per sq. in, 
Ratio of Moduli= 15, and Total Load = 95 + 48 = 143 Ib. per oq. ft. 


STONE CONCRETE 
Fig. 12. 


Continuous slab 


Weight of Steel required per square foot of area = 1,21 Ib, 
Above thickness results when Extreme Fiber Stress — 650 Ib, per eq. in, 
Ratio of Moduli=15, and Total Load = 250 + 48 = 298 1b, per eq. ft, 


STONE 
Fig. 18. 
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Again, these tested slabs were held adjacent slabs each side 
the supports, thus enabling each side take thrust. Now, practice, 
outside slabs next walls, elevator shafts, stairways, show windows, 
are only resisted for thrust tie-rods and concrete slabs 
one side. 

the writer correct his statement that outside slabs, etc., are 
not under the same conditions the tested ones, where the reinforce- 
ment and the concrete carefully made continuous, then this form 
so-called continuous construction being unapproved 


and unsafe manner. 


PANELLED CEILING 


Wall 


Filling 


FLAT CEILING 


Fie. 15. 


The tests which the approvals were based had the kind 
loadings heretofore mentioned. Fig. shows test loading similar 
those described. 

With the conditions continuous construction under which these 
slabs were tested, with possible arching loading, and with sup- 
ports braced against side flexure, the stress that came the steel 
and concrete the middle the slab can only guessed. Still, 
according the latest proposed building code (that 1913) tests and 


Fie. 14. 
4, 


TABLE 
(From Proposed Building Code 1913, See. 104, Art. 8.) 


Tension Wires Inches Centers. 


Span BETWEEN STEEL Beams. 


Live 
per square foot 
floor area. 


Type of . 0 in. or less. 6 ft. 1 in. to 7 ft. 0 in. 7 ft. 1 in. to 8 ft. 0 in. 
reinforcement. 


(0.118 in.) 0.5 Ib. (0.147 sq. in.) 0.6 Ib. (0.177 sq. in.) 
No.7 sq. in.) sq. in.) No. sq. in.) 


CONCRETE FLOORS 


0.5 Ib. (0.147 sq. in.) 0.6 Ib. (0.177 sq. in.) 0.8 Ib. (0.236 sq. in.) 


4 


No. 6 wire (0.0868 sq. in.) No. 5 wire (0.101 sq. in.) No. 4 wire (0.120 sq. in.) 


tchicneesénace 0.7 Ib. (0.206 sq. in.) 0.9 Ib. (0.265 sq. in.) 1.1 Ib. (0.324 sq. in.) 
Wi No. 5 wire (0,101 sq. in.) No. 4 wire (0.120 sq. in.) No. 8 wire (0.140 sq. in.) 


151 200 Ib. 


(0.236 sq. in.) 1.0 Ib. (0.294 sq. in.) 1.2 (0.358 3q. in.) 


201 to 250 Ib | 
Wire mesh.........! q i (0.120 sq. in.) No. 3 wire (0.140 sq. in.) No. 2 wire (0.162 sq. in.) 


Matter parentheses added for otber matter per code. 
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approvals that kind were have preference over unit stresses. 
The following quoted from Sec. 104, Art. this proposed code: 

“The made slab thickness, in., with reinforce- 
ment in. from bottom. 

“Reinforcement must per tabulations.” 

will noticed from Table that when the reinforcement 
wire mesh the area required only about one-half great 
for any other form reinforcement—even with the same kind 


wire but without the mesh. 

Use Cinder Concrete Cities Other than New 
cities mentioned Table use ratio moduli elasticity about 
30, and the highest allowed extreme fiber stress any these cities 


300 Ib. per sq. in. 


DEPARTMENTS. 


Working 


Extreme 
fiber stresses 
stress, Ratio Kind steel, Preferred 
per elasticity. used, per ment. 
square square 


inch, inch. 


Philadelphia, Pa. 250 Hard coal... 1:2:4 000 None, 


The results tests cinder concrete quoted Table were 
published recently technical journal,* these being the first 
series conducted Columbia University with the co-operation 
the Bureau Buildings New York City. 

Though the limited tests Table would seem show that 
ratio moduli less than could used, the writer has been 
informed that specimens “C” were from extra good concrete, and 
that “A” and “B” are nearer the average material. this case the 
ratios used Philadelphia, Chicago, and Baltimore seem about 
right. will seen later, less ratio moduli will give less 
carrying capacity, other things remaining the same. 


*Engineering News, October 9th, 1913. 
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the tests Columbia University, just referred to, the 
feeling, the present stage these tests, that extreme fiber stress 
from 200 250 per sq. in. cinder concrete all that can 
used conservatively. 

Only the tests months old have been made; the final tests 
may alter this assumption, but, for discussion, these values are 
ciently correct. 

TABLE 


(The table covers 120 samples. Each figure given the average 
ten samples.) 


1:2:5 
Weight, per cu. 107 
Test: 
Mod. of Elast., lb. per sq. in 924 600 
Two-month Test 
Crushing Strength, Ib. per sq. 701 
Mod. of Elast., Ib. per sq. in 1 134 000 
Six-month test 
Crushing Strength, lb. per sq. 
Mod. Elast., per sq. 971 000 


Note.—B was hand-mixed ; A, B2, and C were machine-mixed. The modulus of elas- 
ticity was determined at a point of the elastic curve corresponding to one-fourth the 
ultimate strength.” 


Designing Reinforced Concrete Floor slabs 
concrete are not weak shear, that the discussion vertical and 
diagonal shear will not necessary. the writer’s observation 
many breaking tests cinder concrete floor slabs, there has never been 
failure near the supports; almost uniformly, the breaking has taken 
place near the center the slab. Usually, the top the central por- 
tion has spalled off (cup fashion), apparently due horizontal shear 
and compression, after which the slab suddenly collapsed. 

Adhesion.—The adhesion concrete various kinds rein- 
cinder concrete, made 1904 Messrs. Gaylord and 
Pratt, Stevens Institute Technology. The cement was Lehigh 


Portland, and the cinders were found coming from boiler plant. 
The concrete blocks were and the steel was embedded 
the center. 


1:1:5 1:2:5 | 1:2:5 
100 109 
507 818 980 
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may noted from Table the plain bars held adhesion 
quite well as-the deformed bars, the average adhesion surface 
embedded being about 200 lb. per sq. in. This same fact, the 
relative adhesion plain and deformed steel stone concrete, has 
already been shown numerous tests. Therefore, will con- 
sidered that the form the reinforcement immaterial long 
has sufficient surface embedded. 

the ordinary assumptions the com- 
mon theory flexure, Fig. stress diagram, the right which 
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shown the strain diagram used determining the location the 
neutral axis. Fig. for illustration, and Fig. heavy-load 
stress diagram for purposes discussion. 


Let modulus elasticity cinder concrete; 


extreme fiber stress cinder concrete (working) 

unit allowed stresses per square inch mild steel; 

pounds per square foot; 

distance from top slab neutral axis, 

steel 

slab; 


total thickness the slab; here taken 


Fic. 17. Fig. 18. 


Referring the diagram the right Fig. 16, that 


the maximum strain the extreme fibers and that the strain 


the steel Both these strains being the bases two similar 


E, E, 

2 1 E, E. 2 1) 


Tabulation Values for there may differences 
opinion the proper ratio the moduli cinder concrete and 
steel, the writer has prepared Table giving values for (the dis- 
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tance from the top the slab the neutral axis) for different moduli, 
and for different ratios unit stresses extreme fiber the con- 
crete, and tension the steel. 


and 000 
800 


500 000 


a 


arriving the ratio moduli, was assumed that the modulus 
elasticity mild steel was about 30000000, and that the modulus 
elasticity cinder concrete varied from about 500 000. 
given for this range moduli and for extreme fiber stresses 
the concrete 200, 250, 300, 500, and 650 Ib. per sq. in. Thus, 
will found that Table will cover values for the or- 
dinary assumptions for stone concrete, well for cinder concrete. 

Thickness the values the carrying 
capacity reinforced cinder concrete slabs for varying spans and 
varying loads tabulated. 


8 
= 49,3 = 8 ~ = 24.6 
| | 250 a8 875 406 625 810 
87.5 0.32d 0.37%d 0.41d 0.54d 0.60d 
33.3 0.34d 0.89d 0.40d 0.51d 0.57d 
30.0 0.2%d 0.32d 0.36d 0.38d 0.48d 0.55d 
0.26d 0.46d 0.52d 
0.24d 0.44d 0.50d 
0.22d 0.42d 0.48d 
0.21id 0.40d 0.4%d 
0.20d 0.38d 0.45d 
0.19d 0.37d 0.48d 
0.18d 0.36d 0.42d 
0.17d 0.34d 0.40d 
0.174 0.39d 
14.3 0.15d 0.18d 0.21d 0.28d 0.31d 0.37d 
13.6 0.15d 0.18d 0.20d 0.22d 0.30d 0.36d 
13.0 0.14d 0.20d. 0.21d 0.35d 
12.5 0.14a 0.16d 0.19d 0.20d 0.28d 0.34d 
12.0 0,18d 0,16d 0.19d 0.20d 0.27%d 0.38d 
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Let floor load, pounds per square foot; 
slab between supports, feet; 


moment from loading; 


moment slab. 


Then, the bending moment (for simply supported slabs), inch- 
pounds, coming the slab is, 


the resisting moment (Figs. and 17) is: 


For the outside spans continuous slabs: 


For slabs continuous 


for slabs simply supported (see values and Table 5): 


then, 


24.57 d?, and 


Equations and are for the conditions shown Table 

The values for (and for the thickness concrete slabs given 
other tables, were derived substituting the proper values 
and y,, terms Equations and and reducing Equations 

course, the thicknesses the slabs, quantities reinforcement, 
and carrying capacities are based the relative quantities con- 
crete and steel. excess conerete excess will alter 
the position the neutral axis (Equation and the carrying capacity. 

these calculations the working values are about 
one-quarter the ultimate; that is, point stress-strain 


000 
Weight of steel, in 
Weight of steel, in 


l, in feet). 


. 


DO 


0.64 FROM TABLE 
0.68 FROM TABLE 


a 
— 


load, pounds per square foot; feet). 


load, pounds per square foot 


0.36 


| 


qooj arenbs 10d 


Totat Untrorm Loap, in PounpDs PER SquarRE Foor. 


\spunod 
| 
| Ul 
| JO ssou 


pounds = 0.102 d. 


WITH THE FOLLOWING LOADS, AND WHEN 
WITH THE FOLLOWING LOADS, AND WHEN 


*yoos | 


TABLE 6.—-THICKNESS SLAB AND QUANTITY STEEL REQUIRED 


TABLE SLAB AND QUANTITY STEEL REQUIRED 


‘uBdg 


1791 
5.5 
6.0 
7.0 
pound 
| | 
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TABLE 8.—THICKNESS SLAB AND QUANTITY STEEL REQUIRED 


WITH THE FOLLOWING LOADS, AND WHEN 


80; 


120 


Total 
‘ | steel, 

} ~ of | in pounds 


per square 
inches. foot area. 


AO or 
SH Orr 
noone 


TABLE SLAB AND QUANTITY STEEL REQUIRED 
WITH THE FOLLOWING LOADS, AND WHEN 53.3; 


c 
INCLUDES IN. FROM CENTER STEEL BOTTOM SLAB. 


ToTaL UnirorM Loap, IN PounDs PER SQuaRE Foor. 


150 17 225 250 300 


er 


T, Thickness of 
slab, in inches. 
W, Quantity of steel, 

in pounds P 
square foot of area. 


Dirt 
cesssss 
Pars 
COD 


| Torau Unirorm Loap, Pounps PER Square Foor. 
feet. 
| 
| 
| | | | | 
0.44 
0.45 | 7M | 0.47 
0.49) 8.5 | 0.52 
0.52 | 9.0 | 0.55 
0.56 | 9.5 | 0.58 
| | | 
| | 
| 
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000 
WITH THE FOLLOWING LOADS, AND WHEN 


250 


INCLUDES IN. FROM CENTER STEEL BOTTOM SLAB. 


| Tora, Unrrorm Loapb, In Pounps PER SquaRE Foor. 


uantity of 


coacacac 
| 7,Totalthickness 


= 


pounds 0.102 


TABLE SLAB AND QUANTITY STEEL REQUIRED 
000 
WITH THE FOLLOWING LOADS, AND WHEN 


c 
INCLUDES IN. FROM CENTER STEEL BOTYOM SLAB. 


80; 


225 250 


of 
per 


square foot 


W, Quantit; 


Total thickness 
slab, inches. 
steel, in poun: 


| 
150 1%5 200 | 300 
- 
5.0 4.2 
5.5 4.5 
6.0 4.8 
6.5 5.1 
7.0 5.4 
7.5 5.8 
8.0 6.1 
d = 0.058 1 J W (W = load, in pounds per square foot; /, in feet). Weight of steel, 
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TABLE 12.—THICKNESS SLAB AND QUANTITY STEEL REQUIRED 


WITH THE FOLLOWING LOADS, AND WHEN 
500 
INCLUDES IN. FROM CENTER STEEL BOTTOM SLAB. 

Zap | 

9.0! 4.8 | 0.78 | 5.0! 0.82 | 5.8 0.88 | 5.6) 0.94 | 5.8 0.98 | 6.3 | 1.08 | 6.8 | 1.18 | 7.1) 1.25 
10.0 | 5.2 | 0.86 | 5.5 | 0.92 | 5.8 | 0.98 | 6.1 4.08 1 1.10 | 6.9| 1.20 | 1.31.| 7,8) 1.39 

| 


in pounds = 0.204 d. 


curve where the modulus elasticity concrete supposed 
constant. calculations are made for values about the elastic limit, 
then, some investigations, the moduli are variable 
the concrete from the extreme fiber the neutral axis, and the stress 
diagram would somewhat like that shown Fig. 18. With the 


Quantity Steel Reinforcement.—The force from the concrete 
(12 in. wide) resisting the bending moment due the loading 


this belongs couple, and must equal the resistance 


pounds per square foot, 


| 
Te 
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Substituting the values and found connection with each 


table, the quantity reinforeement for each thickness slab 
derived. 


TABLE SLAB AND QUANTITY STEEL REQUIRED 


000 
WITH THE FOLLOWING LOADS, AND WHEN 24.6 


Unirorm PER SQuARE Foor. 


Span, feet. 
pounds 
square foot ofa 
= 


T, Total thickness 
of slab, in inches. 
W, Quantity of steel, 


WON HOD 
PAP AN SO 


pounds = 0.315 d. ‘ 


crete excessive reinforcement the carrying capacity, observe 
Equation Assuming the working stress the steel 
constant, y,, with increase extreme fiber 
stress and decreases with increase the modulus the concrete. 
Some designers use cinder concrete with excess steel order 
keep the slab thin possible. 

stress 250 Ib. per in., aré designing for total floor load: 
150 Ib. per sq. ft. ft. span (simply supported slabs), but 
wish limit the thickness slab in. in. effective depth). 


‘SS 
| 150 | 175 | 200 225 250 300 350 400 
90 
98 
1 7 
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this case, the extreme fiber stress being fixed 250 lb. per sq. in., 
and the ratio moduli being assumed constant 30, the variable 
use sufficient reinforcement bring midway between the center 
the steel and the top the slab. 

Referring Equation and substituting values for in.), 
500. 

Therefore, order bring the neutral axis midway the effect- 
ive depth the slab and not exceed 250. lb. per sq. in. extreme 
fiber stress, the reinforcement must not strained beyond amount 
given stress 7500 per sq. in. The weight reinforce- 
ment this case will (Equation 7): 1.02 lb. per sq. ft. Now, 
with steel stressed lb. per sq. in., assumed Table the 
total thickness the slab would have been 5.3 in., but the quantity 
steel would then have been only 0.44 lb. per sq. ft. Hence, 0.58 
per sq. ft. required save 1.3 in. thickness cinder concrete. 
With reinforcing steel cents per the 0.58 Ib. excess steel 


will cost 1.45 cents per sq. ft.; and the saving effected will 1.3 in. 
concrete. 


have ft. 0-in., simply supported slab, 
and are using cinder concrete having working capacity 250 
per sq. in. extreme fiber stress (Table 7); and, for some reason, 
wish use certain reinforcement, little light area, take 
the tension 16000 lb. per sq. in. are not allowed exceed the 
16000 and, therefore, must thicken the slab more than the 
normal thickness given Table that is, use 
concrete. 

floor load 150 Ib. per sq. ft., find Table 
that the slab will 5.3 in. thick, and the reinforcement will weigh 
0.44 per sq. ft. floor. 

Assume that the wish use weighs only 0.36 lb. 
per sq. ft. see Equation that decrease the section 
the reinforcement may effected decrease the stress the 
extreme fiber the concrete. Therefore, looking Table which 
-less extreme: fiber stress, find that, with slab 6.2 in. 
thick, the reinforcement 0.36 lb. per sq. ft. floor. 


w wo se 
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less quantity reinforcement had been desired, then calcula- 
tions using lower extreme stresses, similar the calculations used 
for making these tables, have been 

Stresses Approved Floor location the neutral 
axis for any particular thickness slab function the relative 
stresses the materials, and the moduli elasticity. Referring 
Fig. assume that the ratio moduli remains constant 30, 


and that, 64, that and that the slab 
250 3124 


tested continuous; find Table (the table using 
these assumptions) that the neutral axis 0.32d from the top 
the slab when the concrete and steel are proportioned for 
these stresses. 4-in. slab, therefore, the neutral axis would 
0.96 in. from the top the slab. Table 10, normal 4-in. slab 
good for total floor load 150 per sq. ft. ft. O-in. span, 
with reinforcement 0.31 lb. per sq. ft.; but this 4-in. slab, 
ft. span (Fig. 7), approved, No. wires 3-in. centers 
are used. This makes the actual reinforcement about 50% greater 
than the normal reinforcement for Table 10. 

This relative excess steel (reducing the comparative strain com- 
ing the reinforcement) will lower the neutral axis below that given 


Table 10. The strain the steel, therefore, this case, 


000 000 (Fig. 16). Then, the neutral axis, account this 


excess steel, will located 0.41d 1.23 in. from the top the 
slab—instead 0.96 in. where there excess steel. 

According the ruling the New York City Building Depart- 
ment, the in. cinder concrete weighs per sq. ft. area. 
Therefore, the approval this floor construction for total 
load 250 282 per sq. ft. 

Therefore, the bending moment, from this total load (if the slab 


This equal the resisting moment (one force the couple 


19.11 inch-pounds. Therefore, 944 per sq. in., which 


’ 
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the stress'on the concrete. The area the reinforce- 
ment being 0.134 sq. in., in. the steel. 

If, instead considering continuous, end slab,* 
in-lb. this case the extreme fiber stress will lb. per sq. 
and the stress the steel, lb. per sq. in. 

take the condition reinforcement simply laid over the 
supports, shown Figs. and 15, then the slab simply sup- 

12.W 

ported the ends, the load moment becomes 072 


in-lb. This latter condition gives extreme fiber stress 1417 lb. 
per sq. in., and steel stress 000 per sq. in. 

course, under such abnormal stresses the modulus elasticity 
for cinder concrete, probably, does not remain constant, and the re- 
sistance diagram may assume shape similar Fig. 18. This would 
slightly modify the foregoing deductions. However, even in- 
definite number assumptions were made regarding the ratio 
moduli wire and cinder concrete, ratios 
stresses concrete and steel, and the variable support slabs, 
the foregoing deduced stresses would still found represent ap- 
proximately correct conditions.. 

Without further attempt lengthen this inquiry 
indefinite number cases and conditions), the writer,would call 
attention the comparison the thickness stone slabs 
with approved cinder concrete slabs under similar conditions. 
found that, for the same conditions the approved cinder concrete 
slab (Fig. herein, the stone concrete would required 
about in. thicker than the cinder concrete. 

Recommendations.— 

1.—The practice testing cinder concrete, arbitrarily, under the 
most favorable conditions, and then recommending 
sults these tests used under the most unfavorable 
conditions which may exist building, dangerous and 
entirely unnecessary. 

2.—Unit stresses for the design reinforced cinder concrete are 
more importance for its proper use than the unit stresses 


. * Progress Report, Special Committee on Concrete and Reinforced Concrete, Trans- 
actions, Am. Soc. C. E., Vol. EXXVII, p. 385. : 
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used for reinforeed stone because the greater 
variableness the former. 


3.—There are, present, sufficient precedents for choosing some 
unit stresses for the use reinforced cinder concrete slabs 
each locality where this material being used. 

4.—It practical, and little cost for each establish 
ultimately proper working stresses for reinforced cinder con- 
crete, based tests with the materials used their locality. 

5.—With cinder concrete used according proper working stresses, 


the construction will removed from the realm 
tion and misrepresentation the field Civil Engineering. 


| 
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DISCUSSION 


Diamant, Assoc. Am. Soc. (by letter).—The 
writer has read this paper with great interest, and, having had ex- 
perience during the past years the use reinforced cinder con- 
crete, the author that the present method tests floor 
slabs does not conform conditions construction work. 

Aside from the design, however, the great fault the construction 
such floors the lax supervision placing the material. The 
majority apartment and loft buildings New York City are erected 
speculators. The men charge the erection these structures 
for the builders know very little about conerete work, and 
are rarely the floors where the arches are being placed. The in- 
spector the Building Department has much work supervise, 
that can devote very little time this part his duties, and the 
result that there too much dependence the contractor 
good work. His men, usually unskilled laborers, are required 
fill certain number centers specified time, and, order 
this, sufficient care not taken place the reinforcing metal prop- 
erly. With the exception wire-cloth, the spacing the metal 
usually guessed at, and thus its weight per square foot arch often 

Another cause trouble the mixture the cinder concrete. 
When hand mixing done, there very little attempt measure 
the ingredients, and, machine mixing, the cement, sand, and cinder 
hoppers are not kept filled. The writer was the tenth floor hotel, 
being erected under his supervision, when noticed that the cinder 
concrete which was being hoisted did not seem have the proper 
proportion cement. The contractor had efficient mixer plant 
the cellar, and when the cause the poor mix was investigated, 
was found that the laborers were busy keeping the sand and 
cinder bins filled that they neglected the cement bin. 

One the most pernicious faults the cutting holes concrete 
arches shortly after they are laid. inspection large loft 
building, the writer condemned panel reinforced cinder concrete 
floor which adjoined stair-well. large hole had been cut through 
this panel for 5-in. soil pipe, and smaller holes for the passage 
water, steam, and electric pipes. The reinforcing rods had been cut 
and bent that they would not interfere with the pipes. Before 
the arch could taken down, failed because barrel lime was 
rolled over it. There excuse for work that kind, for, 
properly designed structure, the location all pipe lines known, 
and openings can left the arches when they are poured. 


‘ 
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conclusion, the writer wishes state once more that, even 
though the floor slab well designed, the careful work the engineer 
not properly carried out because inefficient supervision the field. 


the author favor establishing allowable unit stresses and physi- 
cal properties cinder concrete means calculating safe loads 
for certain designs sound and convincing. Though there are some 
difficulties the way reaching satisfactory units, they should 
overcome consider that the margin inaccuracy will much 
less than any attempt determine strength crude, isolated, field 
tests actual construction. 

The chief uncertainty with regard the material account 
the wide range quality cinders, running, they do, all the 
way from soft, impalpable ash vitrified clinker. The writer has 
not seen satisfactory specification for cinders, which good material 
for concrete can distinguished from bad. easy enough write 
one which will exclude bad material, but the trouble with would 
that would stringent that material could obtained which 
would comply with it. hoped that further light will shed 
this subject. Another uncertainty the value the best cinders 
lies the great irregularity the proportion fine particles, corre- 
sponding sand, which contained every load. This variation 
great practice that frequently batch concrete may contain 
any material which could classed coarse aggregate. 
Under such circumstances would obtain for product, using 
parts sand and cinders, 1:7 mortar, which part the 
aggregate less hard than sand. chiefly these peculiarities 
that may attribute the wide discrepancies the results experi- 
ments with cinder concrete, shown Table and the general 
disrepute which the material has among structural engineers. 

true that cinder concrete slabs, spite their disadvantages, 
have been used phenomenal extent, and also fact that 
failures which can shown due the use this material 
are remarkably few number. This being the case, certainly be- 
hooves the Profession deal with the subject tolerant spirit, and 
what can lay down rules for its safe use. 

This Society’s Special Committee Concrete and Reinforced 
Concrete, its report presented 1913 prescribed units, which, though 
tentative, seem correspond fairly well with present practice. The 
subject the modulus elasticity cinder concrete not referred 
that report, presumably being classed with concretes having 
ultimate strength less than 2200 lb. per sq. in., for which the 
ratio moduli taken 15. This low value the ratio 
does correspond with general practice. With this exception, the 
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rules laid down the report the method computation and 
manipulation quite comprehensively. 

Although concrete may prove entirely satisfactory floor 
and roof slabs, altogether too uncertain material recommend 
for beams, girders, and other structural members, and is. objection- 
able even for slabs when the span too great.. The reason for this 
seems that the softness the aggregate allows inelastic set, 
which becomes apparent the deflection when the span sufficient. 
may not possible make hard and fast rule limiting the 
length span, for some places the deflection may not im- 
portance, or, might compensated cambering the slabs, but 
the peculiarity should not lost sight of. 


for cinder concrete have been correctly determined for various specified 
practice, will without much doubt become 
clearly apparent that there little, any, economy its use for 
structural elements subject stress, notwithstanding its lower weight 
per unit volume compared with stone concrete. 

The speaker regrets that the author has not taken the question 
permanent structure, especially the records some experiments 
and considerable experience have shown bad results. 

Although satisfactory series experiments from which de- 
duce safe unit stresses for cinder concrete would valuable addi- 
tion our knowledge the subject, would seem advisable first 
determine experiment and experience whether the material 
suitable for permanent structures, and that the reinforcing metal 
reasonably safe from corrosion. Until this done, will hardly 
safe specify cinder concrete for reinforced members adopt 
matter how satisfactory the experimental determinations 
its may be. other words, seems the speaker 
that the first research work with reinforced cinder 
should confined the question the corrosion the 
metal, and unless the results are satisfactory this point 
would waste time and money enter elaborate ex- 
periments determine proper unit stresses. 

has been suggested that corrosion sometimes takes place with 
steel embedded stone concrete. This quite true, but far 
the speaker has been able ascertain corrosion reinforcing metal 
good stone concrete almost invariably due two causes: 
electrolysis palpable defects design construction, for both 
which there are practical protective measures affording 
Certainly, one hardly hope for absolute security, but 
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there evidence that iron embedded stone has been pre- 
served rust free for periods great 400 years. 

The following notes relate the corrosion reinforcing metal 
embedded cinder Mr. William Fox* states that the 
results experience and experiment show serious almost 
all cases, and recommends that with cinder mixture less 
rich than one still richer cement, should used. 
report committee read before the Structural Association San 
Francisco, was stated that metal encased cinder concrete had 
been corroded, and the committee advised revision the code, 
exclude the use cinder Fox reports experi- 
ments the Thayer School, with the following conclusion: 

“With but one exception, one more the three steel pieces 
each specimen showed unmistakable signs corrosion. Apparently 
made difference how the concrete was mixed—wet dry, tamped 
whether the steam water treatment was used, the 


result was the same—rust streaks and spots were found, the difference 
the amount corrosion being, imperceptible.” 


These records seem make case against cinders for reinforced 
that require something more explanation, and 
deal substantial evidence the contrary, before conservative 
engineers and architects can safely adopt this material. The advocates 
cinder concrete should accept the task making the necessary 


demonstrations. 


long step toward putting cinder concrete rational basis, like 
other materials engineering. That perfectly reliable material 
for many purposes, when made with good grade cinders, the 
speaker convinced from his own experience. not suitable 
for any work requiring density, such foundations outer walls, 
neither suitable for reinforced beams and girders where stronger 
material required; but for floor-slabs between steel beams, 
modern skeleton construction, with relatively short spans and moderate 
loads, very satisfactory. not because great deal cheap 
and shoddy work has been done with it, but spite that fact, that 
90% the fire-proof floor construction New York cinder 
concrete. The speaker has repeatedly cinder concrete 
floors buildings under construction carry loads enormously 
excess those for which they were designed would ever 
called carry actual use. Any one having much experience 
with concrete floor-slabs sure acquire considerable 
spect for its load-bearing qualities. course, slab stone concrete 
the same thickness much stronger, but the slab stronger 
than necessary, there obviously gain increasing the strength, 


* Engineering News, May 23d, 1907. 
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and usually would not advisable decrease the thickness much, 


even stone were used. 

the other hand, there doubt that there has been large 
quantity very inferior cinder concrete Sometimes this 
the result direct “skinning” the mix, and sometimes due 
the use unsuitable cinders. Good cinders are sometimes hard 
obtain, with the best intentions, and many occasions the 
speaker has rejected cinders the job which otherwise would have 
been used the floor construction. may noted passing that 
the floor question had been duly “passed” the Build- 
ing Department, but say that the test which the ap- 
proval was was made with very different cinders from those 
rejected, illustrating Mr. Waite’s objection that the Building Depart- 
ment tests have small relation what may expected any par- 
ticular floor. The cinders rejected were, some cases, full un- 
burned coal and, other cases, little but fine ashes. Wherever cinders 
are used they should subject rigid inspection. the matter 
unburned coal cinders, although the speaker’s practice not 
accept cinders containing more than the small necessary proportion, 
his opinion that the danger from unburned coal concrete 
over-estimated. This opinion based rather crude test. made 
partition built 2-in. cinder concrete blocks. The blocks were 
literally filled with unburned coal. small covered enclosure was 
built and subjected for more than hour very hot wood fire. 
The coal the surface was reduced cinder, but all below the 
surface seemed entirely unaffected. 

The objection has been raised, designing cinder concrete 
formula instead test, that the material too variable. This 
argument does not seem well founded. Given certain system 
reinforcement, the strength any floor-slab will vary from that 
developed full-sized test sample just the same degree that the 
materials vary from those the slab tested. just proper, 
therefore, designate safe unit compressive and other 
properties for cinder concrete assume safe slab strength 
based test, and far more rational. matter fact, far 
safer method, for the average strength cinder concrete can de- 
termined with some approximation the truth taking large 
number tests varying grades cinders, the other hand, 
test made slab proves little beyond the slab tested. Only one 
test made each “system”, and safe say that the cinders 
entering into these tests are the best that can obtained. The speaker 
has witnessed number these tests; has seen some the test 
slabs built, and knows that the cinders were better than the average 
used throughout the city. The charge not made that any the 
tests have been “faked”, even that the materials used were not 
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such can the open market, but merely that the 
tests which the speaker has knowledge were made with rather ex- 
ceptionally clean cinders, which are not always used actual con- 
struction. proof the accuracy engineering formula 
would deemed conclusive based single test, and yet single 
test with admittedly variable material here used 
followed without variation. would possible define 
standard cinder aggregate, the properties which would not vary 
beyond reasonable limits, more, for instance, than timber varies, 
some other materials the use which based rational formulas. 
The proportion fine ash can readily determined with sieve 


Mr, 


some standard mesh, and the percentage unburned material can 


determined with sufficient accuracy means available almost any- 
where. These are the two principal uncertain and variable elements 
cinder used concrete. 

serious objection that has been raised the use cinders 
their alleged tendency corrode metal with which they come 
contact, and regretted that the author did not take 
this phase the question. has been the speaker’s opinion that 
cinder concrete, mixed not leaner than 1:24:5 and placed rather 
wet, would not injure pipes steel reinforcement embedded it. 
cases corrosion clearly attributable the cinders have come 
his aitention under these conditions. There are many cases, however, 
where pipes, embedded weak cinder fill, been destroyed, and 
the presumption has been that the cinders were blame. the 
speaker’s practice specify and enforce rigidly the requirement that 
all pipes embedded the floor construction fill, where cinders are 
involved, are solidly encased cement mortar made with 
part cement parts The Lackawanna Railroad has 
experienced considerable difficulty with the corrosion pipes its 
stations which, some cases least, the engineers’ have attributed 
they are now prohibiting cinder concrete every form. this case, 
least some the trouble was subsequently found the result 
electrolysis. How much the corrosion, any, was actually due 
‘cinders; would hard say. quite possible that other 
cases damage pipes, cinder concrete has been made bear the 
blame which should have been attributed stray currents electricity. 


Am. Soc. E.—The use reinforced cinder 
concrete for floor-slabs and fire resistant has reached such propor- 
tions, especially Eastern cities, that its importance structural 
material should brought the attention the Profession large, 
and Mr, Waite’s paper will instrumental accomplishing this. 

Some time prior the introduction cinder concrete New 
York City, architects had become more less dissatisfied with the 
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materials and methods of. fire-proofing then common use. They 
were either cumbersome and heavy, proved inefficient when subjected 
great heat. The economic conditions which caused the development 
tall buildings and the necessity for reducing the dead loads for 
the purpose eliminating the excess steel the frames, made 
desirable obtain material that was durable, fire-resisting, and 
light. About years ago, cinder concrete, having been officially 
tested and approved the New York Building Department, was 
That has been success its limited field applica- 
tion, time has shown conclusively. The method testing originally 
devised, and still followed, does not give accurate results, but was the 
best. that knowledge then available afforded. 

For several years after its introduction, the cinder concrete in- 
dustry was dominated reputable individuals and companies finan- 
cial responsibility who generally controlled method 
reinforcing which was not available others the trade. It. was 
their custom, rule, for steady supply from 
fairly sources. 

The patents referred cover the forms reinforcing bars and 
rods, either plain deformed, with spacers, clips, and hangers for 
insuring the proper placing the reinforcement: the 
protecting the bottom flanges the steel floor-beams and 
girders. There also rectangular wire mesh with inter- 
sections, which one the best types 

Each concern conducted series tests under the direction 
the Building Department, and obtained approvals forms construc- 
tion which gave the architects range choice sufficiently wide 
generally all the requirements practice. The conditions 
the trade were fairly, stable, with reasonable competition, good grade 
cinders, and responsible concerns deal with. 

Five years ago.a subsidiary the Steel Corporation began 
the manufacture wire reinforcement, which, 
having been tested and approved slabs. various spans and for 
various steel, was placed market. This sold 
any one. having the means pay for it, cheap that, 
many instances, result the ensuing sharp pro- 
prietors are obliged use instead their own methods rein- 
criticism this form reinforeement here implied, 
for one the best use to-day. 

The trade not now such satisfactory condition formerly, 
for the reason that irresponsible, unskilled, and, too frequently, 
careless element has appeared, which, through ignorance willingness 
assume risks, underbids its more conservative and responsible com- 
petitors. practically impossible for the architect induce the 
average owner (especially the speculator) discriminate between the 
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two elements the trade, Cinder concrete cinder concrete him, 
and difficult for him see beyond the dollars apparently save 
the acceptance unduly low estimate. 

times normal building. activity, difficult and sometimes 
impossible for the new element the trade obtain cinders good 
quality; consequently, they are often taken from household refuse 
the dumps, and contain all sorts foreign matter adversely affecting 
their quality and the strength the concrete. 

The foregoing been written for the purpose showing clearly 
the influences which have resulted conditions they are to-day. 

For some time the method arbitrary tests imposed the Bureau 
Buildings has dissatisfaction, not only the trade, but 
among architects, because they require much time and are expensive, 
and because the approval limited the exact form tested, varia- 
tion being allowed. This means that firm desiring use 
number forms construction must take the time for, and incur 
the expense of, test each one, matter how slight the difference 
may be. 

This condition has naturally led the desire, the part the 
cinder concrete interests, for more rational and simple method 
determining the strength slabs, and the proposal calculate their 
stability the basis unit stresses the result. This proposal 
logical and highly desirable, can done with safety, but there 
are points involved which would seem make unwise. 

Until recently all slabs were tested under uniformly distributed 
loads, developing unbelievable capacities. The only way 
account for this that the load arches itself, large and indeterminate 
portion being transferred the haunches. Reference Fig. will 
show glance that arching occurs. fact, would require great 
skill placing the load prevent it. are the dark, therefore, 
the true strength the slabs have used. the last two 
three years slabs have been tested under concentrated loads the 
middle. 

has been intimated, difficult obtain cinders anywhere 
near standard quality. one building, where the cinder concrete 
would not set, investigation showed that, although apparently clean, 
being wet, strong fumes ammonia gas were liberated. Further 
inquiry showed that the cinders had come from brewery which one 
the ammonia pipes had burst over the place where they were stored. 
another case, was found that the cinders (in some concrete which 
would not set) had come from sugar refinery and were impregnated 
with molasses. Fortunately, the work was being done reputable 
concerns, and the faulty cinders and concrete were removed, care being 

taken have them thereafter. 
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Portland cement now standard material, and can hardly 
considered element uncertainty except cases where not 
properly protected prior use, mixed improper proportions. 
This may generally applied the sand used the city. 

The proper inspection cinder concrete requires superintendent 
continually the work to.see that the materials are the proper 
kind, and that they are mixed and placed they should be. prac- 
tically impossible persuade owner incur the expense clerk 
the works, especially commercial work. another valid 
reason for strict law safeguarding the use cinders. 

The most uncertain all the elements entering into the composi- 
tion any concrete, but more especially cinder concrete, the so- 
called human element. Carelessness indifference any one 
the many precautions which must observed the mixing and 
placing concrete may lead failure. 

unit stresses are used the calculation of. cinder concrete slabs, 
they should low enough discount faulty cinders, carelessness, 
possible dishonesty, indifference, and lack inspection. accomplish 
this, the unit stresses must low that the cinder concrete interests 
themselves would object the ground that the quantity material 
required would increased such extent that they could not 
compete successfully with other forms floor construction. unit 
stresses are used, the cinders should standardized; the law should 
require that they washed and screened. 

The fire-resisting qualities cinder concrete have been developed 
many times tests and during actual fires that would seem that 
the time has come when they may accepted proved and fire tests 
eliminated the future. 

speaker makes the following recommenda- 
tions: 

That the Bureau Buildings conduct series tests, approxi- 
mating closely possible commercial conditions the mixing and 
placing. 

That the slabs tested under concentrated loads the middle 
the spans, with various combinations span lengths, thicknesses 
slab, and areas reinforcement. 

That the results these tests divided conservative factor 
safety and the remainders tabulated for use the basis 
slab design. instance, desired use slab in. thick, 
with 6-ft. span, carrying applied load 150 lb. per sq. ft., 
given area reinforcing steel per foot width should required. 

That ruling made requiring the washing and screening 
all cinders used all future 

That all existing approvals revoked, after the results the 
new tests are available. 
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cinder concrete rational basis and enable those interested pro- 
portion the slabs with degree freedom and safety hitherto unknown. 

The corrosion steel embedded cinder concrete has been men- 
tioned. Several years ago Talbot, Am. Soc. E., embedded 
steel cinder concrete and concluded that the corrosion was negligible, 
because, with the wet mixtures used, film cement was deposited 
around the steel which protected against the action any chemicals 
the cinders tending cause corrosion. 

not safe to. place unprotected pipes the cinder fill over slabs. 
This can probably explained the fact that the mixture usually 
1:7 more, and placed quite dry, the consequence being that there 
not sufficient water present carry suspension enough cement 
coat the pipes. Piping thus placed should always given 
coat similar acid-resisting paint. 

About the only knowledge .the effect, cinder conerete 
Building, which was removed (to make way for the Times Building) 
after having been occupied for years. the steel was 
found few places, degree affecting its strength. Pipes 
embedded the cinder fill were badly corroded. 


that, when cinder concrete was first used, was very largely pro- 


moted and intended chiefly filler; light cushion, cover 
for other construction, and was not expected that should sub- 
jected very heavy stresses that great responsibility should 
it. was found convenient, light, and cheap, but 
has had larger and larger duties placed ever since. 

regards construction, the best quality 
one the most important engineering and one which 
probably more than any other, varies and subject very great 
modifications through its components and through the manner its 
manipulations; cannot made and inspected too carefully. Stone 
without reinforcement very different from cinder concrete, 
which lighter and more uncertain proportions, and is, and should 
be, chiefly adopted for mass and fill and for reduction weight. 

seems the speaker that any which gives cinder 
concrete equal technical weight with carefully prepared con- 
crete, which can subjected thorough tests and made 
manent material construction, hardly fair. carrying the 
question beyond the limit technical considerations, even though 
not beyond the manner which used. this discussion the 
most important consideration regard cinder concrete whether 
used to-day the proper manner and for the proper purposes. 
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Oscar Lowinson, Assoc. Am. Soc. authority 
building codes and also the fire-proofing buildings, Mr. Waite 
has superior. His experience concrete construction and the 
formulation requirements building-code matters, such that his 
argument—that definite standards for reinforced cinder concrete con- 
struction should established mathematical scientific basis, 
rather than result tests—entitles him respectful hearing. 

One great problem New York City, however, has been try 
make laws which will meet the conditions the trade; and though 
discussion the strength cinder concrete arch all right 
when one knows what material enters into the structure, the trouble 
has been that frequently the material used not cinder concrete 
engineer understands the term. 

This unfortunate condition affairs has arisen from the fact that 
the majority the concerns who are engaged cinder concrete con- 
struction are utterly irresponsible, have engineers their employ, 
and are subject supervision other than that casually given 
building inspector, who usually has only few moments the 
devote the building. Consequently, those familiar with the 
conditions marvel the few accidents that New York City, 
for well known that, were possible determine thoroughly 
the strains the material which called concrete, large number 
cases, would found strained far beyond the breaking 
value due solely the utter disregard the requirements for rein- 
foreed cinder concrete construction. 

The expedient was adopted having tests and giving permits for 
construction, and for while this method was effective 
that compelled the installation correspond approved test. 
Later, however, was found that the concerns who with 
the tests could longer compete construction with the contractors 
who were. install, and the work has gradually 
concerns who make the tests, to-day, only sell the. reinforce- 
ment, and the construction done other parties. 

Under such impossible adopt any kind 
standard, either so-called scientific practical, any value; and 
doubtful whether would improvement change the method 
requiring standard. This certainly hardship conscien- 
tious contractor. only one the unfortunate things the 
building trade. 

This subject new, discussion the formulation data 
with reference reinforcement has been going since 1907. New 
York City has had five proposed building codes, and now 
under way. hoped that building code will established which 
will eliminate standards this type entirely, leaving their determina- 
tion the formulation regulations the authorities. Possibly, 


a 
| 


based, more less, rational ideas. 

Heretofore, the difficulty has been the utter irresponsibility 
are. putting the material and the lack inspection 
the material going into the structure. result this experience 
was determined years ago, Mr. stated, that was better 
depend tests with material this sort, and establish standards 
unit stresses combination material, like reinforced cinder con- 
crete, and the have been very slow showing any sym- 
pathy with the idea that they can establish with reference 
this mixture. 

With stone mixture one can establish standard and can gener- 
ally feel satisfied that the results will fairly accord with it. 
The aggregate dense, and there possibility that will disin- 
tegrate slightest inspection undertaken. With 
ever, one does not know what expect; and more 
than anything else, that the standards the code 1912 were estab- 
should permitted the reinforcement cinder and 
would have been under similar code, revised 
the diseussion that took place after the publication the original 
code, establish certain standards material made basis more 
less scientific. 

The speaker does not think advisable establish standards 
that sort any form, other than with reference the thickness 
the material and the quantity per unit square 
foot, establishing minimum, because the fact that with such 
and with mechanics the type engaged that work 
New York City, to-day, not advisable further. 

With reference the corrosion pipes when buried 
experience’ taught. that the only way feel sure that pipes 
will last insulate them, and thereby prevent the corrosion from 
getting them. wrought-iron steam pipe, embedded concrete 
floor, good for from years. the custom, especially 
cellars, try keep the return pipe above the floor level. Corrosion 
pipes practically due oxidation, caused the sulphur 
the cinders, the porosity the concrete permitting the moisture. 
which alkaline, attack the pipe. 

There has been great deal trouble with hot-water supply 
when buried; they corrode more rapidly than the cold-water 
pipes. Frequently, over these pipes there layer plaster 
Paris, tile floor, and the corrosion generally at- 
and contraction the pipe caused variations temperature. 
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has been found that corrosion oceurs the outside and also 
the inside the pipe. may able why the 
corrosion takes place the inside well and 
why more active with hot-water than with cold-water pipes. 


object recommending that the application cinder concrete 
fire-proof floor construction placed so-called scientific basis 
commended. writer fails find any plausible 
basis the paper which establish constants for calculation and 
stresses for design. The author states there are sufficient 
precedents for establishing such factors, but careful perusal the 
paper does not elicit much information great value along this line. 
Table showing the physical and elastic characteristics cinder con- 
crete, which the author presents, was taken from preliminary report 
investigation being made Columbia University, and these data 
themselves are not sufficiently comprehensive used basis 
for design. 

Cinder eoncrete, applied New York City fire- 
proof floor filling between steel beams, material with which the 
author should thoroughly familiar from long years experience, 
both contractor and “expert The knowledge thus 
gained should have convinced him that such floor, built between rigid 
different structure from reinforced concrete the slab, beam, and 
girder type. spans ft., and with thickness not less 
than one-twentieth the slab length, the writer’s investigations have 
shown that. such factors arch action, tension the concrete, and 
the trussing effect. continuous all which the author 
neglects, are important. features floor construction this type. 

The author ridicules the term used 
parently realizing that not the continuity the concrete slab 
which referred to, but the anchoring the reinforcement over the 
steel beam, and although has little faith it, still feels 
that such continuity obtaining the test construction not 
actual buildings has resulted excessive load. approvals. 
Based both theory and test, shown that this strength, 
the worst condition that building construction, that is, the 
end slab adjoining open bay exterior wall, about three-fifths 
that the test construction ordinarily author 
failed note that the tests conducted the Bureau Buildings, 
with the resulting approvals which refers, were 
the basis factor safety 10. This, the end-panel condition 
actual practice, would correspond factor safety for 
the approved loads. 
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The writer does not undertake defend the method handling 
concrete floor construction which obtains New York City, 
but believes that rational basis design should be: established. 
With this end view, paper now course preparation which 
hoped will soon ready for publication. The investigation has 
study the preparation the raw materials, with the 
object improving the mixture. Very little, any, benefit has been 
derived screening the cinders; fact, the resulting’ concrete has 
shown decrease strength when compared with the ordinary 1:2:5 
mixture which hard coal cinders, received from the boiler, are 

The author states that the form immaterial. 
Exception must taken this statement, because, some tests 
slabs with plain and deformed rods, the plain squares and 
rounds failed the slipping the reinforcement. The question 
adhesion must undoubtedly taken into account the design. 
The writer wishes emphasize further the fact that the reinforce- 
ment anchored the steel girders, the resulting construction differs 
radically from the type slab, simply reinforced, which the author 
bases his plea for design, The extension cinder concrete general 
application slabs, beams, and girders should case recom- 
mended, view the variableness the material. Its use between 
steel beams special application has undoubtedly proved satisfac- 
tory; but, even this case, there should greater caution than 
now generally shown the selection and preparation the raw mate- 
rials for the concrete. 


ject cinder concrete floors one which the writer greatly in- 
terested. The idea rationalizing the theory and practice their 
construction not. new, and would most desirable practical 
and correct formula could evolved that would generally ap- 
plicable the different forms and methods using 
it. The writer spent much time years ago attempting develop 
such formula, and was obliged give the attempt. 

Mr. Waite’s arguments are relevant, but, unfortunately, they are 
applicable only the ordinary and usual types and methods rein- 
forcement, and would not include numerous others equally desirable. 

Take, for example, abnormal case, such reinforcing metal 
without rigid intersections, which hexagonal mesh netting 
extreme case. this netting the metal does not actually get into 
tension until the concrete slab cracks and fails, when 
suspender, This material, course, unsuitable for the purpose 
reinforcement, but. illustrates type, such “crimped” rein- 
forcement, which actually sometimes used. Then, again, there are 
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forms bar reinforcement, such what known the Roebling 
bars that position the slab have considerable value beams, 
and the strength cannot even approximated 
formula that fair results with bar square round 

construction .is one the most. fire-resisting flat- 
methods now because the bars, extending deep into the 
concrete, are protected it, and become heated 
quickly when the center section the reinforcing metal 
nearer the under surface. When any the ordinary formulas are 
applied this type flooring, they scarcely give strength enough 
support.its own actual tests have shown its strength 
equal, and some cases exceed, that the average equivalent 
square and round bar reinforcement used the ordinary manner. 

The great difficulty evolving rational theory design 
that the strength not the only important feature fire-proof con- 
struction; fire resistance and durability are even more important. 
Conditions which will produce the greatest strength generally result 
the poorest fire resistance; that say, the farther away the re- 
metal from the neutral axis and the nearer approaches 
the underside the slab, the greater will strength; the 
other hand, the nearer the reinforcing metal approaches the under 
side the slab, the thinner will the protective covering and the 
more quickly the reinforcing metal will heated fire 
become weak. 

The question durability most important. Exposure the 
elements, which necessary condition practical building con- 
struction, always causes initial rusting. When the reinforcing metal 
the form bars rods considerable size and section, the 
rusting not important, and does materially the metal. 
When, however, the reinforcement the form wire 
inesh made from light sheet-metal similar material, the rusting 
affects the strength very substantially reducing the effective section, 
and when embedded wet concrete continues rust rainy 
weather and until the building roofed over. extreme cases such 
metal under normal conditions becomes weakened oxi- 
dation, that retains only fraction the strength shown 
the formula. 

Density another factor that has large importance con- 
fire-proofing. stone aggregates are used and the concrete 
thoroughly rammed ‘so to’ eliminate all voids, the action ‘the 
concrete approaches more nearly that stone which 
the aggregates are composed, and cracks much more ‘readily when 
exposed heat and sudden cooling than when the full 
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develops higher fire’ resistance than any concrete with stone aggre- 
gates. impossible eliminate all the voids the cinder 
gregate ramming, such voids are always present the aggregates 
themselves, greater less extent, even the cementing material 
free from them. 

Tests made the writer conclusively demonstrated that the more 
porous the concrete the less likely crack and fail under sudden 
and violent changes temperature. Cinders crushed 
screen, made into concrete mixed the proportion :5, 
and simply spread over the forms and leveled and patted down with 
shovels segmental arch construction, will develop ample strength 
carry ordinary loads to, say, 200 with safety factor The 
material manipulated this way will extremely 
weight, and exceed fire resistance any other material known the 
writer, except possibly concrete made from “tetzlonti,” 
rock which the writer has used number buildings the 
City Mexico. 

well known, course, that density desirable, tending 
prevent oxidation the ‘steel oxidation takes 
place more rapidly where voids occur the surrounding concrete; 
but this oxidation practically ceases when the concrete per- 
fectly dry after building enclosed and finished. This phase’ 
the problem, therefore; minor importance, especially when the 
reinforcing metal the preferred form rods bars con- 
siderable section. 

The advantage voids securing lightness much 
more important than the initial oxidation, but has never received 
the attention deserves. concrete made and deposited above 
described will weigh only from per ft., against 
100 when thoroughly rammed. This gain 25% the 
dead load, favor economy, and, above stated, ample strength 
also obtained. 

Fram what precedes will apparent that certain qualities and 
conditions which result improved fire resistance, both the form 
the reinforcing metal and the concrete, tend toward weakness, 
that have two conflicting elements the design cinder con- 
floors which will forever prohibit the development practical 
rational formula general application. 

important feature this whole problem the fact that 
mistake legislate inaugurate regulations that are 
and tend toward the development and improvement only few 
forms construction. The error this, perhaps, more plainly 
illustrated the regulations governing theater construction than 
anything All the building laws the present time specify re- 
finements the conventional design for theaters, and absolutely 
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prohibit other designs which might provide greater safety and result 
city ordinances, specify results be. obtained rather 
than detailed 

Although strength cinder concrete floors most desirable 
feature, others, equally desirable, should not needlessly sacrificed 
discouraged ill-advised regulations. make all forms 
construction comply with rational theory would immediately elim- 
inate some the best methods, would obviously impossible, 
with the same materials and the same cost, develop superior 
fire-resisting construction which would show formula strength 
equal the ordinary method with the reinforcing metal near 
the under side the slab the law would permit. 

The writer disappointed that more progress has not been made 
the direction economy and improving the fire resistance 
cinder concrete floors. all the progress during the last 
years has been the direction securing the maximum strength 
with any given reinforcement; the protection the latter being con- 
trolled building codes and regulations, the thickness the con- 
crete protection varying from in. different cities. The 
general tendency this one direction securing strength, which 
largely the result existing restrictive codes, doubt dis- 
couraged and minimized improvements other directions, and has 
accentuated the supposed desirability rationalizing all forms 
cinder concrete construction. 

The best that can done with the problem develop theory 
and formula accordance with the results the usual and more 
common forms cinder concrete floors, proposed Mr. Waite, 
and, addition, make separate provision for the determination 
test the strength those special forms construction which 
the formula and rational theory not apply. This course has re- 
cently been followed the most up-to-date building codes, order 
not discourage prohibit methods which aim superior fire 
resistance, lightness, and other economies. 

There room for great improvement the matter test loading 
floors. the past this has not been done scientific manner, 
and the varying and conflicting results many the tests largely 
the result improper so-called “fake” loading. This subject 
which itself can well constitute separate paper, and im- 
portant that the writer trusts that some one who well-qualified will 
give attention the near future. 

Another great stumbling block cinder concrete construction 
the definition what constitutes good quality cinders. There 
widespread ignorance regard this material, the popular idea 
being that coal ashes from ordinary stoves and furnaces, which 
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contain from 75% soluble sulphates and silicates the form 
white powder and comparatively soft whitish lumps. 

Those who have this idea cinders sometimes specify that they 
shall screened, discarding all fine material, hoping this way 
eliminate the fine white ash, and, retaining only the 
tion, they expect obtain suitable material. Ordinary coal ashes, 
treated this way, will still contain large proportion the soluble 
sulphates coarse lumps. 

Cinders with any considerable quantity soluble sulphates are 
entirely unsuited for concrete aggregates, and should prohibited. 
good quality obtained from large steam boiler plants which 
the cinders are cooled spraying. They contain practically 
soluble sulphates silicates, and from 98% the fine material 
grit fully equal sand good quality for the purpose making 
concrete. When building law requires screening, can readily 
understood that excellent material (the fine grit) thus prohibited 
and wasted, which involves useless expense and large loss economy 
construction. Locomotive cinders—on account the coating 
soot—and cinders from gas plants, are also unsuited for concrete. 
The extremely coarse clinker from bituminous coal objectionable, 
is, fact, any coarse material. 

get uniform and satisfactory results, all cinders should 
passed through rollers crushers which will reduce them size 
that will pass square-mesh screen. sand added the fine 
grade Portland cement parts fine material and sand, and 
parts crushed cinder aggregate, most excellent fire-resisting con- 
crete will result. 

good definition for suitable quality cinders building 
code the following: 

“Cinders, where referred this code, shall construed 
mean the residue coal consumed large steam boiler plants, 
free from soluble sulphates and silicates, and which the fine mate- 
rial composed wholly grit. cinders from 
ordinary coal stoves, ranges, hot-air furnaces, small 
locomotive gas-plant cinders, shall case used for 
aggregates for cinder concrete.)” 


imaginary difficulty with cinders the large quantity un- 
burned coal they are supposed contain. Some years ago, the 
writer’s experience, work one the largest buildings New 
York City was suddenly stopped the architect. His inspector 
happened the basement one day and saw considerable 
quantity black particles the cinder. Cinders the same 
quality had been used the entire job, which was then half com- 
pleted. The foreman charge the fire-proofing endeavored 
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satisfy the inspector explaining that not all the black particles 
were unburned coal, but the inspector insisted that the work 
stopped forthwith, and the architect ordered. The inspector then 
selected the particles from the cinder pile, took 
his own chemist, and had analysis made. The result 
only of, the particles selected were found actually 
93% consisted stone, slate, and other impurities 
resembling coal. Although there appeared much 10% 
unburned coal the cinder supply, this analysis proved that 
there was reality less than per cent. 

The foregoing are few features and conditions which 
the writer has noted his experience connection with cinder 
has not attempted into the mat- 
ter any detail, has not the time oppor- 
problem indicate that it. larger and more complex 
than realized the average person, especially those whose 
experience limited few tests made with the ordinary forms 
and who consider only the question strength. 


judgment, the validity the contention, that design 
concrete utilized should governed rational 
formulas and prescribed working stresses for the materials involved, 
cannot successfully brought into question, provided the design itself 
such character admit satisfactory analysis, and the 
empiric data for the unit stresses are available. the con- 
sideration this important, though essentially simple matter, the dis- 
cussion should not befogged the introduction irrelevant issues, 
such the admittedly variable character the material 
unsatisfactory conditions inspection which its use fre- 
quently, not usually, attended. 

adherence unscientific methods relation the use this material 
any more than relation any other material. and there- 
fore economic design is, broadly speaking, impossible any field 
construction without rigid inspection its the actual 
loads building floors approximated more nearly those prescribed 
building codes, the many failures that would probably have resulted 
would long ago have the lesson adequate inspection. That 
however, has bearing whatever the merits the 
basic question under discussion. may be, and probably is, true, that 
cinder, matter how carefully inspected, much more variable 
recognized correspondingly conservative working 
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stresses accordance with old engineering itself. 
Such working stresses having been fixed, designs susceptive rational 
analysis should based suitable formulas and not tests, except 
far tests may made establish the reliability the premises 
theory and working stresses—governing the design, 
that these may then applied with confidence other designs the 
same general character, but differing dimensions, and the 
relative quantity and distribution the material. depend wholly 
tests, under the conditions stated, would mean reversion 
empiricism unworthy serious consideration engineering. 
This statement just applicable cinder concrete any other 
material construction. 

Tf, the other hand, the proposed design which cinder concrete 
element not demonstrably susceptive rational analysis, 
only two courses are open: either prohibit its use, have recourse 
tests. That statement, too, just applicable, however, stone 
gravel concrete, any other material, cinder concrete. 
attempt differentiation this connection the expense 
cinder concrete manifestly unwarranted that arguments the 
would seem such indeterminate designs are 
used, precisely the same precautionary considerations are appli- 
cable cinder concrete any other material used under such con- 
ditions, namely, that the same care the selection material, 
workmanship, and inspection should applied the construction 
itself was applied the particular elements 
Furthermore, the information yielded such tests cannot safely 
applied other similar designs varying materially from those under 
which the ‘were made, general dimensions and relative 
quantities and distribution being the well-recog- 
nized limitation empiric, distinguished from rational methods. 

sum up, the risk reiteration, there is, the writer’s judg- 
ment, inherent ground for making any distinctions whatsoever be- 
tween the general considerations governing the design 
concrete, whether the aggregate stone, slag, cinder. 
Whether the use cinder concrete should permitted where the 
strength element important factor; whether the prescription 
proper working stresses would tend militate against the economic 
use this material; and whether its use, least under certain condi- 
tions, avoided reason the tendency the embedded 
steel corrode, questions with which not present 
These questions have bearing, however, the funda- 
mental principles which has endeavored and. their 
discussion ‘in that would only tend the 
basie contention, which, writer’s judgment, incontrovertible. 


Mr. 
Marburg. 
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paper is: 


1.—To show that cinder concrete being used extensively 
engineering 

2.—To present the fact that, many cases, this material not 
being used with well-defined engineering prin- 
ciples; and 

3.—To obtain discussion among engineers with view either 
having its use included the category engineering, 
finding the reason that should not placed. 


far the writer able comprehend the discussions, nothing 
has been produced give reasons for not designing cinder concrete 
according unit stresses, required stone concrete. 

The writer agrees with Mr. Marburg. that successful argument 
can made for the arbitrary use reinforced cinder His 
position, head institution engineering, and his connection 
with the American Society for Testing Materials, entitles him 
recognition authority this subject. 

The only substitute for unit stresses suggested any who have 
discussed the paper was recommendation for more extensive testing. 
course, with sufficient testing determine the proper working 
stresses, would not engineering continue test for every 
possible variation spans, thickness slabs, and difference 
loadings. 


Mr. Strehan makes several criticisms, among which are the fol- 
lowing: 


1.—That “the writer fails find any plausible basis the paper 
which establish constants for calculation and unit stresses 
for design 

tension the cinder concrete omitted; 

3.—That the difference between the conditions cinder concrete 
between steel beams and the condition all the 
reinforced concrete not shown the writer; 

the trussing effect side arches the carrying capacity 
any particular was overlooked the paper; and 

5.—That the continuous action reinforcement. anchored over 

the steel beams was ridiculed. 


The matters referred Criticisms and were 
mentioned pages 1775 and 1783, and were evidently overlooked 
Mr. Strehan. was the explanation given for the great loads 
carried the test arches. 

answer Criticism the writer would refer Table giving 
the unit stresses adopted for this material several large cities which 
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have placed engineering basis. There also presented the 
first series tests made the Bureau Buildings New 
York City and Columbia Further, the writer has his own 
views regarding its proper working stresses; however, was not the 
purpose the paper open up, side issues for utilize 
misleading readers the real. purpose, namely, the establishment 
some kind unit stresses. 

his official. connection with the Bureau Buildings New 
York Mr. Strehan took part the tests recorded Table 
refers his coming paper which will probably 
give more up-to-date information the properties cinder concrete 
than now available. Therefore, become his duty 
public official—not the duty the writer—to assign the exact proper 
units for New York City. The writer’s paper was the 
general and the tabulations cover almost every 
assumption. 

Criticism the writer pleads guilty the crime failing 
consider tension the the reinforced cinder concrete 
slabs. The report the Special Committee and Rein- 
which was referred pages 1797 and 1798, does 
not recognize tension, even stone concrete. The stresses devel- 
oped the approved loads cinder concrete, on. those 
pages, make such allowance (or even the talk about it) ridiculous. 

Criticism was pointed out that the cinder concrete be- 
tween steel. beams was substantially cut two and could not act 
the certain and continuous manner monolithie reinforced stone 
and for that reason, for other, greater stresses should 
not allowed the former than the latter, 

Referring Criticism Mr. Strehan admits that the outside 
spans floor-slabs have not the same capacity interior slabs, that 
is, those which have adjoining construction both sides. men- 
tioned the paper, the adjoining slabs thrust against interior 
slab. Now, the test slabs the constructions 
the paper, there were adjoining slabs; but large 
proportion the slabs buildings, one side (the outer has 
slab adjoining act against thrust. 

Criticism the writer must refer experiences 
has had with light reinforcing members used the same manner 
the wire mesh for the purpose securing,a continuous 
ment. 1900 began the erection reinforced concrete. His first 


contract was for cinder conerete floor-slabs located (as generally. 


hotel and apartment-house construction), the lower flanges 
the steel supporting beams. The reinforcement consisted small thin 
steel bands drawn over steel beams and down 
the central part the bottom the conerete 


Mr. 
Waite. 
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metal was kept straight and tight, with the object securing con- 
tinuous action. was found that this condition the tamping 
the concrete jarred the and jerked the adjoining 
slabs such extent that the bond was disturbed and cracks appeared 
the concrete over each piece metal. 

practical way making continuous could found. The man- 
ner which the wire mesh and the light have been 
and are being used for the foregoing conditions described 
follows: The wire other metal drawn over the steel beams 
and then stamped down both sides and left with slack 
prevent the jerking the reinforcement, previously mentioned. 

examination the work actually done buildings will show 
much the wire, referred Mr. Strehan being 
anchored over the beams, simply lying loose top them. this 
condition there cannot possibly any continuous action, beeause 
the strain comes the center the slab before the metal over the 
supports drawn All that can expected the 
anchored over the hold the slab suspended after has 
broken the center. course, single test slab, sufficient time 
and pains can taken continuous action and illu- 
sionary results. 

not agree with the writer that one kind of. rein- 
forcement good another. writer would modify this state- 
ment, withstand criticism, saying that what was really meant 
was that, any forms embedded the 
adhesion develop the full section the metal ‘will give substantially 
the same results. This fact was shown for stone concrete tests 
Talbot, Am. Soc. years ago, and the tests 
Table for cinder concrete seem show the same result. 

The writer the subject the capacities various 
kinds the arbitrary manner using cinder 
has led all kinds misrepresentations sellers 
Some have obtained approvals with much less 
ment than others; all make claims some peculiarity their form 
kind material, which makes superior all others. the 
proposed Building Codes 1912 and 1913 New York City (Table 
1), this recognition superiority was have been specified 
the law. 

the seeming protection, the arbitrary use 
‘the construction, large industries have been writer’s 
that some these industries have been the father many 
the agitations for new building codes. 

Several who the paper referred the corrosion steel 
embedded cinder conerete. Some seem think 
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should there certainty that the steel 
protected against corrosion. the situation stands, these arguments 
for restriction are too late; already used extensively, 
and the object this paper to-have used rational manner. 

The subject the corrosion steel; however, vital, and should 
better understood. the writer’s experience that the average 
wet, and tamped thoroughly, will sufficiently coat the surface the 
steel neat cement wash protect and permanently 
When the grade cinders coarse fill 
the voids, the porous, case, unless the 
first coated cement wash, the likely contain. air 
holes extending the bare steel. 

Mr. Himmelwright regrets the fact that the writer did not 
the discussion other forms cinder concrete than the 
plain reinforced construction. construction the 
paper which has automatically referred to. 
Mr. Himmelwright, and—perhaps not exaggeration say—is 
the form construction universal use, where competition allowed. 
The writer may lament this much Himmelwright, but, 
knowing the facts, did not wish confuse the the intro- 
duction constructions far removed relationship that would 
useless attempt make formula include them all. 

the writer’s rational treatment subject and 
the general tabulations, cover use almost constants, 
begs state that this was done principally dis- 
cussions, before committees, the unit-stress idea has 
been ridiculed, and more than one member the Society has scouted 
the idea that rational treatment was practical. 

hoped that engineers will awaken their own interests 
insisting that concrete, engineering construc- 
Engineering. 


Mr. 
Waite. 
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Sir WILLIAM HENRY WHITE, Hon. Am. Soe. E.* 


1913. 


William Henry White, the youngest child Richard and Jane 
(Matthews) White, was born Devonport, England, February 2d, 
1845. attended the local schools until March, 1859, when, the 
age fourteen, was apprenticed the Royal Naval 
addition his practical work, attended the Dockyard School, main- 
tained the Admiralty part the technical training its ap- 
prentices, where showed his ability winning Admiralty 
arship 1863. 

was during this time that propulsion steam was being sub- 
stituted for sails, and sailing vessels were being reconstructed 
screw-propellers. The use iron place wood for the hulls 
vessels was also being introduced, and young White had the advantage 
combining practical work with the preparation designs, the 
results which were clearly shown his highly responsible work 
later years. 

1864, the Admiralty, the urgent request the Institution 
Naval Architects, established the Royal School Naval 
ture South Kensington, connection with the Science and Art 
Department. This school, which was instituted order that students 
naval architecture might take advanced courses that science, was 
afterward merged into the Royal Naval College Greenwich. Sir 
William was one the first students received this newly founded 
college, taking first place his entrance examinations 1864, which 
standing maintained during his three years attendance. 
was graduated 1867, with the highest honors, Fellow (first- 
1870 was made Professor Naval Architecture this 
school, which position held until 1881. This work was addition 
his duties the Admiralty. Among his pupils during this period 
were men who afterward became chief constructors and naval archi- 
tects the various navies the world, and was largely due his 
influence that the school’s high standing was acquired and maintained. 

Immediately after his graduation from the Royal School Naval 
Architecture, Sir William entered the Admiralty Private Secretary 
Sir Edward Reed, Chief Constructor, being engaged the solution 
scientific problems naval architecture, was while oc- 
cupied this position that was brought directly touch with the 
design armored vessels which were then new invention, thus 
adding his experience designer and constructor. 


Memoir prepared the Secretary from information file the Society House. 
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1870, the Sir Edward Reed and the appoint- 
ment Commission continue his work, which Sir Nathaniel 
Barnaby was Temporary President, Sir William was made Profes- 
sional Secretary the this position, and with the 
aid his life-long friend, the late Mr. William John, had charge 
of, and carried out, numerous experimental inquiries regard the 
stability ships for the Commission appointed investigate the cap- 
sizing the Captain,.in the Bay Biscay. The results 
these inquiries were embodied paper* the subject presented 
before the Institution Naval which greatly advanced the 
science ship design. 

1875, Sir William was promoted the rank Assistant Con- 
structor, and, 1881, was advanced that Chief Constructor. 
While this position effected the organization all the trained 
architects the Admiralty into one corps—the Royal Corps Naval 
Constructors—which organization has proved great service the 
British Navy. 1883, when Sir was. establish- 
ing his great shipyard Elswick, England, offered Sir William 
the difficult organizing and directing the Warship Building 
Department. this position made designs for naval vessels 
for Austria, Italy, Japan, China, and Spain, and had charge the 
construction several vessels for the British Navy, among which 
was the Victoria which, 1893, was sunk the Mediterranean 
collision, with great loss life. 

1885, Sir Nathaniel Barnaby resigned his position the Ad- 
miralty account and his recommendation, Sir 
William, having been released from his contract with Sir William 
Armstrong, Mitchell and Company, was appointed Director Naval 
and Controller the Navy, which position 
held until February, 1902, when also was compelled resign 
ill-health. 

Sir William began his work Director Naval Construction 
the Admiralty the beginning period expansion British 
Naval affairs. Prior that time uniformity the vessels the 
fleet had been attempted, and the reorganization the administrative 
and Operative departments was demanded. The Northbrooke pro- 
gramme, which comprised the carrying out the construction 
number, new ships and the rapid completion those already begun, 
first task, and the work ‘was accomplished expeditiously 
that the Naval Defence Act 1889 was passed, providing for 
William had chance carry out his idea homogeneity fleet, 
distinct relation each other and the 


Calculation the Ships, and Some Matters Interest Connected 


p. 77. 
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fleet whole. The Spencer programme 1894 and the Goschen 
1896, the latter comprising the construction 
first dreadnought ‘the. British Navy, were also. carried out under 
his supervision. The development the torpedo boat and the torpedo- 
boat destroyer was due his skill, and also designed the river gun- 
boats built for the Nile Expedition under Lord 
retired 1902; had had responsible charge the design and con- 
struction vessels, valued about £100000 000, sterling. 
this vast work was done under constantly changing conditions mate- 
rial, type, size, armament, and him may attributed 
the introduction several innovations British warships, notably that 
water-tube and the use oil fuel for firing boilers. had 
entered the Naval Service before the first real ironclad was 
and had seen the Navy develop from one wooden ships the 
present-day steel dreadnought. 

his retirement from the Admiralty 1902, Parliament voted him 
special grant for “exceptional services the Navy.” 

After rest and the recovery his health, Sir William began prac- 
tice Consulting Naval Architect, and was engaged many im- 
portant works. was member the Cunard Commission which 
decided type machinery for the Lusitania and the Mauretania; 
Director the firm Swan, Hunter, and 
Limited, the builders the Mauretania, during her 
Director the Parsons Marine Turbine Company; and 
the Grand Trunk Railway Company after that Company became 
the owner steamships. designed steamers with geared turbines 
for service between India and and was Member Gov- 
ernment Commission investigate the question load lines mer- 
chant ships. 

February 27th, 1913, Sir William suffered stroke 
his offices Westminster, died the same day Westminster 
Hospital which had been removed. 

was twice married, his first wife having been: Miss Alice Mar- 
tin who died 1886. 1890, was married Miss Annie Marshal] 
who, with three sons, all whom are officers the British 
and one daughter, survives 

Sir William was frequent contributor technical and engineering 
journals and the publications technical 
was also the author several books, his “Manual Naval ‘Archi- 
tecture” and “Treatise having classics, the 
former being translated into German, Italian, Russian, and 
His most notable contributions were made the the 
Institution Naval the best being the papers 
the stability ships (already referred to), the rolling sailing ships, 
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the effect bilge keels rolling, and his the 
design the battleship Royal Sovereign. That his versatility was 
not confined engineering, but extended over wide range sub- 
jects, shown his contributions various and 
magazines, 

was always greatly interested questions engineering and 
technical education, owing, perhaps, the difficulties experienced 
his own training. was Chairman the Committee 
the Education and Training Engineers, appointed the Institution 
Civil Engineers 1903, and was also member the Governing 
Body the Imperial College Science and Technology. 

Sir William was connected with many engineering and scientific 
societies and associations, which was always ready give advice 
and assistance, and many these had honored him with offices 
distinction. was Fellow the Royal Society; Honorary Vice- 
President the Institution Naval Architects; Past-President 
the Institutions Civil Mechanical Engineers, Marine 
Engineers, Junior Engineers, and the Institute Metals; President- 
Elect the British Association for the Advancement Science, 
having been President the Mechanical Science Section. was 
also Honorary Member many other British and foreign technical 
societies, including the American Society Mechanical Engineers 
and the Society Naval Architects and Marine Engineers. 

1911 was awarded the John Fritz Medal Board Award 
appointed the four leading American engineering societies—Civil, 
Mining, Mechanieal and Electrical—for achievements 
naval architecture.” had also received honorary degrees from 
many colleges and universities, among which were LL.D. from Glasgow, 
Se. from Cambridge, Durham, and Columbia (New York City) 
Universities, and Eng. from Sheffield. also belonged the 
Atheneum and British Empire Clubs. 

regard his personal characteristics, the following* was writ- 
ten one who had been terms close friendship with him for 
more than years: 


“He was beyond compare the straightest and most generous man 
alive. was, without exception, the most remarkable man have 
known, and honest the day. From the start had never soul 
help him, but achieved distinction his own ability and industry. 
foreign government made overtures him superintend the total 
reconstruction its then somewhat infirm war flotilla. White, with 
that fine sense honour which was inseparable from the man, re- 
fused most lucrative offer because considered the value could 
return for the great monetary payment held out him, could only 
have been acquired his intimate knowledge gained the service 


*The Times (London), February 28th, 1913. 
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our Admiralty. The amount work that did without repay- 
ment those educational institutions which are bringing forward 
the most intelligent men the new generation, was beyond compare. 
His self-negation, accurate knowledge, and extraor- 
dinarily enhanced great gift description, made him such pro- 
fessor scientific and applied mechanics the world has seldom 
seen. 


Sir William Henry White was elected Honorary Member the 
American Society Civil Engineers December 16th, 
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ERNEST PONTZEN, Cor. Am. E.* 


Ernest Pontzen was born Budapest, Austria-Hungary, Janu- 
ary 20th, obtained his early engineering education the 
School Vienna. 1856, went Paris and entered 
the French engineering school, Nationale des Ponts Chaus- 
sées, “Externe” student, and was graduated 1860 the head 
his class. 

After study trip England, Mr. Pontzen returned Austria- 
Hungary, and filled various positions connection with the railways 
and harbors that country. was Consulting Engineer the 
Anglo-Austrian Bank for years, and, that capacity, directed the 
construction several railway lines, made study various rail- 
way projects, and became the Director railway company Hun- 
gary. 

1873 made his first study trip the United States. made 
second trip 1876, serve member the Jury the Railway 
Group the Philadelphia International Exposition. Returning 
Paris, established himself there permanently, and 
came naturalized French citizen. married Miss Hirtz, daughter 
the distinguished physician that name, professor the University 
Strassburg, who survives him. 

Mr. Pontzen was the author numerous publications dealing 
with the construction and operation railways. His most important 
work, issued collaboration with Mr. Lavoinne, and entitled “Ameri- 
Railways,” was published 1880-82, the first volume dealing with 
the construction and cost railways, and the second with their 
operation. 

Mr. Pontzen served various important commissions. was 
member the Government Commission for the technical exploitation 
railways since 1884, which was almost from its inception. Acting 
this capacity, was one the delegation which represented the 
French Government the International Conference for the promo- 
tion technical uniformity railways, and more recently was 
delegate the Minister Public Works the International Rail- 
way Congress Washington, and, later, that Berne. 

was selected expert and arbitrator very important 
cases, such the Loetschberg Tunnel, the Harbor Varna, the ac- 
quisition the Algerian East, and the Bridge accident. 

was Member the Council Instruction (Conseil d’In- 
Memoir prepared Charles Strobel, Am. Soc. 
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struction), and the Betterment ‘(Conseil Perfec- 
tionnement) Nationale des Ponts Chaussées. 

Mr. Pontzen was Past-President the Society Colonial En- 
gineers and Past Vice-President the Society Civil Engineers 
France. was one the founders and, the time his death, 
was President the Friendly Society “Externe” Graduates 
Nationale des Ponts Chaussées. was also officer 
the Legion Honor and Commander various French and foreign 
orders. 

This brief outline Mr. Pontzen’s career will indicate that was 
fruitful engineering achievement and rich well-merited honors. 
went France stranger, and died the country his 
adoption, having won not only the esteem Frenchmen, but 
singularly high degree their love and affection. 

Mr. Pontzen spoke French, German, English, Italian, and Hun- 
garian, and was able convérse with the foreign engineers 
met their mother tongue. All who him 
this way remember him most pleasantly for his uniform cour- 
tesy and cheer. American engineers who had the good fortune 
know him were always sure cordial welcome his hands, and 
freely gave them his time and attention the promotion: 
their interests their and pleasure. was the kindest, 
most considerate, and most devoted may him 


that the conduct his life was noble and inspiring, that the highest 
tribute will paid that can come any man, that has 
the desire the younger men who knew him emulate his 
best they can. 

Mr. Pontzen was elected Corresponding Member the American 
Society Civil Engineers January 5th, 1876. 
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Arthur Adams, son Jacob Clendennin and Nancy 
(Hamilton) Adams, was born September 15th, 1864, farm 
near Greensburg, Ind. was lineal descendant John Adams, 
who came Plymouth Colony, Massachusetts, the ship, 
1621. 

When about eight years age moved with his parents 
Topeka, Kans., where the family resided for period about three 
years, and then returned Indiana. 1882, soon after the death 
Mr: Adams’ father, the widow again moved with her children 
Topeka, where she resided during the remainder her life: 

his early boyhood Mr. attended the district schools 
and the public Topeka. entered the 
Greensburg High from which was graduated 1882. 
student Hanover College, Ind., 1882-83, and Washbuin 
College, Topeka, Kans., 

During the summer 1883 was the employ the County 
Surveyor Shawnee County, Kansas, and assisted surveying 
and about Topeka. During the following summer was with sur- 
veying party engaged subdividing Government land Southwestern 
Kansas. Starting Chainman, was promoted Transitman 
before his engagement. When the survey was completed, 
each member the party was requested state, under oath, that the 
work had been done correctly; the best his knowledge and belief. 
Being somewhat doubt the the survey, Mr. Adamis, 
together with several others the party, strenuously objected 
being sworn. this juncture, one the youthful mutineers made 
the discovery that Quakers were permitted affirm lieu taking 
oath, whereupon Adams insisted that the same privilege accorded 
affirmations duly made, and all the members the party were 
given honorable discharges. 

the fall 1883 students the State’ University Kansas 
started organize State oratorical association, 
affiliate with the Mr. Adams was 
from Washburn the constitutional convention. 
prominent part the proceedings, which resulted the organization 
and was active arranging for the first contest. 
participated the trial and settlement famous case 
plagiarism which developed that contest. 


Memoir prepared Franklin Riffle and Cattell, Members, Am. Soc. E., and 
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Kansas State University, and was graduated 1886. public 
rhetorical recital read humorous essay entitled “The Philosophy 
Selfishness”, which his theories and conclusions, were extreme 
create sensation among his hearers. Only few the audience 
appreciated the undercurrent humor which pervaded the essay, 
realized that the extreme views advocated the speaker were purely 
for rhetorical effect. 

During the spring 1886, obtained employment the Engineer- 
ing Department the Burlington and Missouri River Railroad, 
Nebraska, the office one the resident engineers, and was soon 
promoted Division Engineer Construction. this position 
displayed unusual efficiency, originality, and judgment, for one 
his age and experience. 

During the summer 1887, concluded try his fortune the 
Pacific Coast. accordingly accepted position Leveler 
location party the Oregon Pacific Railroad. When the party was 
disbanded, during the following winter, went Southern California 
search employment and spent several months Los Angeles, 

During the spring 1888 returned the Pacific Northwest 
accept position Assistant Engineer Construction, offered 
him the Chief Engineer the Oregon and Washington Territory 
Railway, now part the Northern System. this position 
had excellent opportunity observe and study the wonderful 
resources Eastern Oregon and Washington. was quick grasp 
the significance the development this vast inland empire, and 
see with prophetic eye the varied and multitudinous engineering 
problems which this development would give rise. Many thriving 
towns were various stages development, and some them had 
already reached point where the necessity for sewer and water sys- 
tems was occupying the attention their citizens, 

this time, Mr, Adams, like many other young engineers, had 
followed the least resistance. had become railroad en- 
gineer through force circumstances. After graduation had ac- 
cepted position railroad because was the only position im- 
mediately available. Municipal engineering, however, was his choice, 
and now determined make start this field. The Town 
Pendleton, Ore., had recently created the office Engineer, 
and the Mayor was given the appointing Before resigning his 
position railroad engineer, Mr. Adams discussed the matter with 
the Chief Engineer, who accepted his resignation with regret, but, 
nevertheless, co-operated with him his efforts secure the coveted 
municipal position. Mr. Adams was successful obtaining the ap- 
pointment, the same salary had received from the railroad. 
conducting the negotiations which terminated exhibited 
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that remarkable business which contributed largely his 
later Foreseeing that “City” Engineer small town his 
duties would not very onerous, stipulated that should 
granted the privilege performing such private work might 
see fit undertake during his office. prepared contract 
fully covering this phase the question, and was duly signed 
the contracting parties. was not long, however, before his private 
assumed such large proportions that found advisable 
resign. 

1890 Mr. Adams prepared plans and specifications for system 
water-works for the Town Dayton, Wash., and superintended its 
construction. During the following year performed similar ser- 
vice for Colfax, Wash. 

the summer 1891 entered into partnership with his brother- 
in-law, Robert Gemmell, Am. Soe. E., under the firm name 
and Gemmell. The new firm designed and superintended 
the construction water-works for Grande, Ore., and Waitsburg, 
Wash. They also designed water system for Heppner, Ore., and 
water-power plant Kalama, Wash., neither which was con- 
structed, howeyer, owing the financial 1893. The firm did 
considerable miscellaneous surveying Oregon Washington, in- 
cluding irrigation canals the Umatilla River, Oregon, 
one the Walla Walla River, Washington, and one Creek, 
near Baker City, Ore. The construction these canals was indefinitely 
postponed the They prepared and for 
water-works system for Athena, Ore., and system for.Mon- 
tesano, both which were constructed, although not. under 
their supervision. 

During the fall 1893 Mr. Adams made very complete report 
inereased water supply for Astoria, Ore., and recommended the 
construction new system. His report was adopted its entirety 
the Board Water Commissioners, and Adams and Gemmell were 
authorized make the necessary surveys and plans. Before com- 
pletion the surveys, the partnership was dissolved, and 
the work was continued Mr. Adams, who, Chief Engineer, carried 
through successful termination—less than years after having 
made his preliminary report. admirable description this work 
was written Mr. Adams, under the title, “The Astoria City Water 
paper won for its author the Thomas Fitch Rowland 
Prize for 1897. his paper described quite fully ingenious 
device’ (of his own invention) for opening and closing two fire gates 
from central station; this being accomplished “by opening and closing 


* Transactions, Am, Soe. C. E., Vol. XXXVI, p, 1, 
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ordinary the end line ordinary service pipe 
leading patented governor attached each the gates.” 

During the construction the Astoria Water-Works (1895), Mr. 
Adams prepared report new water system for Eureka, Cal., and 
the character and probable cost the private works then supplying 
the city. After the completion the Astoria Water-Works, 
opened consulting office San Francisco. During 1897 pre- 
pared plans and for the reconstruction water-works 
Centralia, Wash., and also reported projected new works for 
Lakeport and Oceanside, Cal. 

From 1897 1900, held the dual position Manager and Chief 
Engineer the West Los Angeles Water Company and the West Side 
Water Company. During this period resided Los Angeles, where 
also carried consulting practice. Chief Engineer the 
two Los Angeles Water Companies, was called plan and con- 
struct extensions order keep pace with the steadily increasing 
demand. constructed reservoir, and pipe line 
the Soldiers’ Home, Santa Monica. connection with the pipe line, 
designéd ingenious weir and gate device for maintaining 
definite delivery under varying conditions pressure. 

During this period Mr. Adams filled various among 
which were the following: 

City Los Angeles determine the value the improvements made 
the water-works that city during the years’ lease the Los 
Angeles Water Company; was member commission 
engineers engaged the City Pasadena appraise the several 
water-works used for the supply that city; conjunction with 
plans. for entirely independent system water-works for Pasadena; 
developed water supply and prepared plans for its utilization, 
the irrigation large ranch near Corona, Cal.; prepared report 
outlining plans, and giving estimates cost, for combined municipal 
water supply and power installation for Missoula, Mont.; prepared 
plans and specifications for the reconstruction the water-works 
Pendleton, reported the probable effect the water sup- 
plies the San Gabriel. River, California, the contemplated con- 
struction certain power plants that stream; prepared report 
the value of. the properties the West Los Angeles Water Company 
and the West Side Water Company, aid effecting sale 
these properties the City Los Angeles; prepared 
and gave evidence concerning the value properties the Contra 
Costa Water Company used for supplying the City Oakland and its 
vicinity; and prepared report and gave evidence concerning the 
exténsive land-slide which had for some years prevented 
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the use the large reservoir the the Willamette River, 
Portland, 

1901 Mr. Adams became Engineer and Manager the Contra 
Costa Water Company, Oakland, after having been retained 
expert the important litigation case which had just this time 
been concluded. 

The case was the now famous one known the Hart case, and 
was instituted enjoin the City Oakland from enforcing the rate 
ordinance enacted the City Council. Although several other emi- 
nent were engaged the case, was conceded all that 
the clear and convincing testimony Mr. Adams values, and his 
clear exposition the theories valuation, had more with the 
victory the Company than any other Company 
was granted effect increase rates amounting 15%, and, 
although later years engaged many important legal matters, Mr. 
Adams often remarked that considered this case the most important 
its kind his career. 

Early 1903, Mr. Adams resigned from the management the 
Contra Costa Water Company and opened consulting office San 
Francisco, and from this time continued steadily his consulting 
work. Although his practice was never such require large 
organization, was all times the highest type. Among the more 
important his engagements may cited that with the City 
Victoria, His report dealt with the existing conditions and 
present and future needs, covering the subject complete and ex- 
haustive detail. prepared plans and specifications covering 
the then present needs, and, under his direction Consulting Engineer, 
they were executed. 

While still retaining his consulting practice, was, 1906, made 
Chief Engineer the Department Greater Water Supply the 
Peoples Water Company, successors the Contra Costa Water Com- 
pany, supplying water seven cities the east side San Francisco 
Bay. Complete preliminary studies and investigations were carried 
this organization looking the more than doubling the water 
supply this Company. complete comprehensive plan future 
development was outlined, and construction was begun the more 
important elements, but financial stringency prevented out 
more than small portion this work. 

Mr. Adams did very large amount valuation work, particularly 
public utilities. Among the more important properties which 
reported may mentioned the Peoples Water Company, the Spring 
Valley Water Company, the Palermo Land and Water Company, the 
Virginia and Gold Hill Water Company, the Petaluma Power and 
Water Company, and numerous others. 


| 
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1909, designed the irrigation system for the Patterson Ranch 
Company, Patterson, Stanislaus County, California. This system 
provides means for irrigating, pumping, about 18000 acres 
land the west side the San Joaquin River the San Joaquin 
Valley, and was that time considered unique design and the 
most extensive and complete system the kind the United States. 

the time his death Mr. Adams was engaged the construc- 
tion plant similar design the Patterson Ranch system, but 
more elaborate details, for the irrigation about 22000 acres 
land near Brentwood, Contra Costa County, California. was 
also, the time his death, Consulting Engineer for the Peoples 
Water Company, and was engaged this Company important rate 
pending the Federal Court. 

Mr. Adams foremost among those who organized the San 
Francisco Association Members the American Society Civil 
Engineers. was elected Treasurer the Association for term 
years, and became its third President 1907. Immediately after 
the earthquake 1906, was instrumental holding series 
special meetings the Association, which resulted study “The 
Effects the San Francisco Earthquake April 18th, 1906, En- 
gineering Constructions,” general committee and six special com- 
mittees composed members the Association, followed extensive 
reports.* Mr. Adams was the Committee the Effects 
the Earthquake Water-Works Structures, and wrote the Com- 
mittee’s 

Mr. Adams held high rank both personally and professionally. 
was exceedingly democratic his ideas, very simple his tastes, 
and exceptionally companionable. possessed keen, analytical mind 
that served him well the litigation with which was frequently 
these cases less than the engineering problems involved. 
though active assisting and supporting the attorneys with whom 
was associated, always commanded the admiration and: respect 
the and attorneys who opposed him. ability was 
acknowledged and his work commended friend and foe alike. His 
professional career was one uninterrupted achievement from its 
beginning its untimely end. before his death had attained 
foremost place the ranks the leading hydraulic engineers the 
Pacific Coast. possessed marked degree the rare combination 
professional skill and business acumen which enabled him procure 
for his clients the best attainable results minimum cost. Having 
early his career established reputation for efficiency and integrity, 
thereby created demand for his services, for which, usually, 
was able name his terms. While always fully alive his personal 

* Transactions, Am. Soc. C. E., Vol, LIX, p. 208, 
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interests, never for moment overlooked the interests his pro- 
fession. continuously sought uphold its dignity, and educate 
the proper conception its importance factor the 
world’s development. numerous occasions fearlessly exacted 
from his clients the recognition which believed his profession was 
entitled. 

Mindful his early struggles for recognition, strongly sympa- 
thized with young engineers, and was ever ready extend helping 
hand those need assistance. was largely the desire aid 
the younger members the profession that induced him take 
prominent part the organization the San Association 
Members the American Society Civil Engineers. believed 
that more than the older members the Society, would ben- 
efited membership this organization. During the practice his 
profession gave employment many young engineers. invari- 
ably treated his subordinates with forbearance and tolerance, and thus 
secured and retained their respect, loyalty, and friendship. 

Mr. Adams possessed gift which, unfortunately, quite rare 
engineers—that clear, terse, forceful expression. This ap- 
plied his speech less than his writing. Whether writing re- 
port, explaining engineering proposition client, elucidating 
technical point while the stand, addressing 
audience, invariably chose his words well, and 
tation. argument was convincing failed carry 
his point. Whenever took stand for against proposition, 
gave the impression being master the situation. never allowed 
himself swerved from the course which his conscience his 
judgment marked out. 

His energy and ability, however, were not devoted entirely his 
engineering practice. was zealous and efficient worker the 
cause religion and morality. the affairs 
the church which was member, and also gave much his time 
and resources the Young Men’s Christian Association and Young 
Women’s Christian Association Oakland. The Building, 
and the new First Presbyterian Church edifice, both Oakland, are 
very large extent the results his effective work. 

Mr. Adams was well-read man. was especially fond poetry. 
Among the poets, Robert Burns was his favorite. occasionally 
wrote verse serious nature, although not for publication. One 
writers this memoir has his possession several Mr. 
Adams’ poems, one which, entitled New Year’s 
exceptional merit. 

Frank Oakley, Am. Soc. E., who was classmate Mr. 
Adams the schools Topeka and the State University 


1838 MEMOIR ARTHUR LINCOLN ADAMS 


Kansas, and also was associated with him during his professional 
career, writes his life-long friend follows: 


“He was always very tolerant the beliefs other people, never 
seeming wish force his opinions upon others. However, when 
came argument, few could hold their own against him. observa- 
tion leads believe that always followed thoroughly digested 
plan conduct and business from which did not allow himself 
vary principle, and believe much his success life’s problems 
was due this fact well his unusually good judgment. 

“Some time over twenty years ago, while sitting camp, out- 
lined his idea engineering career leading consulting 
business. When came live California, was impressed with 
the similarity his outline and his experience, and the 
way his professional business. always insisted 
giving any undertaking his best thought, and would not identified 
with otherwise, not sparing himself hard work; and conse- 
quence was always accorded leader’s place his associates. 

believe that Arthur Adams was the finest character have 
ever known, and that not possible for know how much 
owe association with him. influence was always for good 
and manly things. This feature did not eliminate, any way curb 
the boyish spirit, the joy sport practical 
joke, but any meanness—a thing that was impossible 
his nature. 

“In our close association, including two years living together, 
never knew him gushingly confidential. There was always some- 
thing about him. Nevertheless, never knew one 
whom could more freely confide, and who was more ready with the 
best and kindly and tactful advice. knew him best during 
the character-forming age, when boys are fully themselves and freely 
open their playmates. Yet never knew him act ex- 
press thought that was not accord with his later high moral and 
mental attainments. Nor was the least prudish, nor did his 
associates ever think calling him ‘goody-goody boy.’ 

“During our college days frequently discussed all kinds sub- 
jects pertaining human life and affairs. Whether the subject was 
social matter, the mathematics gambling, theology, freedom 
and frankness thought and expression were always the same, always 
tending greater and more beneficial knowledge the subject and, 
fact, one’s own opinions. When thinking 
Arthur Adams’ character, reminded what Riley makes the 
farmer say his friend and neighbor: 


the name William Leachman and 
True Manhood’s jist the 


Derleth, Jr., Am. E., pays the following tribute 
Mr. Adams, both man among men and engineer: 
“Through his writings, particularly wooden stave pipe, have 


known Mr. Adams reputation least since did not meet 
him personally until then feel that have had 
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opportunity know his work and appreciate his personality. 
For the last eighteen years have worked for, have met various 
ways, great many engineers whose names are prominent our 
national societies, and these men hail from all quarters the United 
States. convinced that among them none has combined 
the highest sense, better than Mr. Adams did, all those qualities 
which contribute the professional and personal character 
engineering gentleman. One always associated with Mr. Adams the 
qualities integrity, industry, wide reading, learning fields other 
than engineering. had great command the powers speech. 
wrote fluently. was engineer who used reason and who had 
powerful judgment. Above all, was man the finest moral in- 
stincts. was always ready help improve the tone engineers 
and raise ‘the standard engineering ethics. Indeed, applied 
the same qualities wider fields and was power for good and uplift 
the community which lived. more men like Mr. Adams 
become identified with engineering, proportion will the com- 
munity’s respect for the profession engineering increase.” 


Augustus Kempkey, Assoc. Am. Soe. E., writes Mr. 
Adams follows: 


“As his Principal Assistant for some eight years immediately pre- 
ceding his death, the writer came know Mr. Adams most refined 
and courteous gentleman the highest type, every ready give the 
best that was him the uplift humanity and the assistance 
those around him. His thoughts were ever the highest plane 


and his judgment, particularly engineering matters, remarkable 
degree that times seemed little short uncanny. His mind, work- 
ing perfectly clear and along direct lines, enabled him grasp the 
essentials engineering problem almost once, and his solution 
these essentials was equally direct and expeditious. His criticisms 
and orders his were always given most kind 
and considerate manner, and matter what the subject, was always 
ready receive suggestions and ideas from those directly under him. 
all association with him, never saw him either reject accept 
suggestion without being fully informed its significance and 
value; and the case rejection, pointing out clearly his reasons 
therefor, and accepting, giving due praise and weight the value 
thereof. short, was man who inspired and encouraged ideas 
and suggestions from his subordinates, while withal never provoked 
that familiarity which ultimately breeds contempt. each his 
reports will found that never failed give credit those 
who had assisted him their preparation. 

“He believed the engineering profession one the greatest, 
and maintained ethical standard such few can hope measure 
to. the life and conduct such men he, the engineering 
profession will raised its highest plane, and the moral tone 
all with whom they come into contact cannot fail enriched. With 
all who had the privilege working with Mr. Adams, and with all 
who came into contact with him any walk life, his memory will 
live forever that true gentleman and eminent—or rather 
pre-eminent—engineer.” 
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Mr. Adams was married December 18th, 1889, Mary Gemmell, 
Topeka, who, with and three daughters, survives 
the eldest, student the Engineering Department 
Stanford University, and two the daughters the 
University California. 

Mr. Adams died his home Oakland, September 17th, 
1913, pneumonia, after illness less than one week. his 
death the Engineering Profession has lost one its great leaders; the 
community active and efficient instrument for and social bet- 
terment; aud his family and friends wise counselor and 
lovable companion. 

Mr. Adams was elected member the American Society 
Engineers October 2d, 1895. From 1907 1909 served 
Director. was President the San Francisco Association 
Members the American Society Civil Engineers during 1907. 
was member the Franklin Institute, the American Academy 
Political and Social Science, the Technical Society the Pacific 
Coast, the Pacific Association Consulting Engineers, and the 
First Presbyterian Church Oakland. held offices 
his church, and was and Director the Young Men’s 
Christian Association Oakland. was also'a member the 
Delta Tau Delta and Sigma college fraternities. 
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RICARDO MANUEL ARANGO, Am. Soc. E.* 


January 1914. 


Ricardo Manuel Arango, Consulting Engineer for the 
Panama, died his home the City Panama, January 24th, 
1914, after long illness. was born December 25th, 1864, and 
was graduated 1887, with the degree E., from the Rensselaer 
Institute, Troy, His first work after graduation 
was survey, under the direction the late Pedro Sosa, Am. 
Soc. E., prominent engineer Panama, 500000 hectares 
land the Province Bocas del Toro, conceded the Colombian 
Government the French Canal Company. This party did the first 
surveying work that region. 

1889, Mr, Arango was appointed the Colombian Government 
take charge surveys made necessary controversy between 
and the Panama Railroad, over the filling the present site 
Colon. 1890, was engaged the railroad which was built 
haul the coast the products the manganese mines Viento 
Frio, Province Colon. assisted the surveys and plans for 
providing the City Panama with water from the Juan Diaz River, 
but this development was never realized. 

Mr. Arango took active part the Revolution 1903 which 
Panama secured its independence from Colombia, being great 
assistance his father, José Arango, who was member the orig- 
inal Junta Separation. member the Municipal Council the 
City Panama, Mr. Arango signed the Act Independence, and 
was appointed the first Chief Engineer the new Republic. 

Under John Wallace, Past-President, Am. E., Chief 
Engineer the Isthmian Canal Commission, Mr. Arango was Con- 
sulting Engineer for sanitary work the City Panama. Later, 
was made Division Engineer the Bureau Meteorology and 
River head this Bureau, installed the first seis- 
mograph the Isthmus, and established the gauging station Alha- 
juela, the Chagres River, from which advices any floods could 
telophoned advance those charge work the lower 
reaches the river. His services with the Isthmian Canal Commis- 
sion were terminated the fall 1908. Soon afterward Mr. Arango 
was appointed Minister Plenipotentiary and Envoy Extraordinary for 
the Republic Panama the Court St. James, which post 
was compelled relinquish 1909 account ill health. 1910, 
was again made Chief Engineer the Republic, and, later, Con- 
sulting Engineer, which position held the time his death. 
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was Member the Instituto Ingeniéros Chile, the Seis- 
mological Society America, and the Sociedad Ingenieros, 
Arquitectos Agrimensores Panama, which latter was the 
founder. September 1899, was Miss Maria 
Lewis, who, with five children, survives him. 

Mr. Arango was man who loved his profession. Even during his 
long illness, when had lost almost completely the use his hands, 
took great delight reading and studying engineering. 
wonderful manner had trained his mind that could transform 
equations, construct graphical diagrams, and things mentally which 
are generally accomplished paper and pencil. was always genial 
and willing help and give advice, stood courageously under 
his sickness though deprived him the many pleasures and much 
work which make life worth living. was always interested public 
affairs, and, long could, took active part them. 
his death, Panama loses one its best and most progressive citizens. 

Mr. Arango was elected Associate Member the American 
Society Civil Engineers September 2d, 1896, and Member 
February 6th, 1906. 
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1914. 


Howard Elmer Arthur was born Warren, Ohio, January 26th, 
1872. was educated the public schools Washington, C., 
and studied architecture for one year the office Messrs. Smith- 
meyer and Pelz that city. 

August, 1891, Mr. Arthur came New York City and entered 
the office the Jackson Architectural Iron Works, where, for years, 
was engaged detailing and checking the steelwork for office 
buildings, erected that firm. August, 1896, went 
Paterson, J., where was employed the Passaic Rolling Mill 
Company, detailing and checking trusses, plate girders, ete. 

April, 1897, Mr. Arthur returned New York City, where 
was engaged, until December, 1898, with the firms Cooper and 
Wigand and Lewinson and Just, detailing and checking, and 
charge construction work. resigned his position with the latter 
firm with the Union Bridge Company, Athens, Pa., 
tailing and checking and charge work. Slackness work 
the Union Bridge Company’s plant caused Mr. Arthur return 
his former position with Messrs. Lewinson and Just September, 
1899, where remained until March, 1900, when went St. Louis, 
Mo., with the Koken Iron Works, Assistant Engineer. While 
this position, had charge the construction the Building, 
the Mississippi State Capitol Building, mining and mill buildings, 
tanks, etc. 1902, Mr. Arthur was transferred the Contracting 
Department the American Bridge Company Contracting Agent, 
and was also engaged designing and estimating the cost steel 
structures. 

September, 1904, went Dallas, Tex., Chief Engineer 
the Mosher Manufacturing Company, which position de- 
signed and estimated the costs for steel construction for various shops 
and buildings Dallas and Houston, churches, highway bridges, tanks, 
domes, well the Grand Stand the State Fair Grounds 
Dallas, which latter has been described Mr. Arthur.+ 

October, 1911, order that his child, who was seriously ill, 
might receive proper medical treatment, Mr. Arthur returned New 

York City. entered the office Olaf Hoff, Am. Soe. E., and, 
under Mr. Hoff’s direction, made the drawings and calculations for 
the City Art Bridge from Fortieth Forty-second Streets, connect- 
ing the Grand Central Station, and various other constructions. 


Memoir prepared the Secretary from information file the Society House. 
+ Engineering News, Vol. LX, 1908, p. 208. 
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remained with Mr. Hoff until 1912, when, owing failing 
health, was compelled resign. spent the next two years 
Vermont, Tryon, C., and the Catskill Mountains, vain endeavor 
improve his health, but died tuberculosis Big Hollow, Y., 
April 19th, 1914. 

Mr. Arthur was regarded all knew him young man 
high ideals, and his influence for good was felt all who came 
with him. The results which accomplished bespeak his 
love for and devotion his work. 

March 17th, 1905, Mr. Arthur was married Miss Nettie 
Thomas, who survives him. 

Mr. Arthur was elected Member the American Society Civil 
Engineers November 8th, 1909. 


MEMOIR ADOLPHUS BONZANO 


ADOLPHUS BONZANO, Am. Soe. E.* 
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Adolphus Bonzano was born Ehingen, Wurtemburg, Germany, 
December 5th, 1830. was the youngest four brothers who 
came the United States, three whom had distinguished careers. 
He, however, was the only follow the Engineering Profession. 

Mr. Bonzano was educated the gymnasia Ehingen, Binsdorf, 
and Stuttgart. After the usual thorough training these German 
schools, came Philadelphia, Pa., for further study, and particu- 
larly perfect himself the English language and the customs 
his adopted country, His father and other members his family 
had emigrated Texas the Thirties, where they formed number 
German colonies the interior, Gillespie and the adjoining coun- 
ties, then unsettled wilderness, but now part the most prosperous 
portion the State. 

1852, Mr. Bonzano, who had early shown marked mechanical 
and engineering talents, recognized the great possibilities which the 
iron industry offered the development the country, and deter- 
mined supplement his academic studies actual shop experience. 
entered the Reynolds Machine Works, Springfield, Mass., 
apprentice, and, the end his apprenticeship, became its Super- 
intendent. several years after this was employed several 
industrial and railway companies various capacities shop work, 
becoming one the skilled mechanical superintendents those days. 
During this period became interested bridge work and gave 
such study the early days bridge history the United States 
permitted, becoming pioneer its development. Finally, 1865, 
engaged with the Detroit Bridge and. Iron Works Superintendent 
Bridge Construction, and, from that day until his retirement from 
business 1898, was influential factor the bridge industry, 
and its formative period, particularly, his unusual talents were 
shown his boldness design, his advances specifications, and 
his ingenuity erection problems. 

After serving three years with the Detroit Bridge and Iron Works, 
where his specialized work attracted much attention and earned him 
broad acquaintance, removed Pheenixville, Pa., and with 
David Reeves, Am. E., and the late Thomas Curtis Clarke, 
Past-President, Am. Soc. assisted the organization the 
firm Clarke, Reeves and Company (Phenixville Bridge Company), 
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becoming Chief Engineer. ‘In the early days 
the partnership, Mr. Bonzano made the plans, strain sheets, estimates, 
bids, and shop drawings. The firm rapidly became leader and 
acquired the highest rank among bridge companies, many the 
largest and most famous structures the United States having been 
designed, built, and erected it. 1884, the firm was dissolved, being 
succeeded the Bridge Company, with Mr. Bonzano 
Chief Engineer and Vice-President. For the next ten years de- 
voted all his time, experience, and business acumen this company, 
his reputation probably reaching its zenith during this period. 

The strain resulting from his professional activities more than 
forty years, and the ever-increasing responsibilities modern bridge 
business, determined him reduce his activities, resigned 
from the Phenix Bridge Company 1893 and opened office 
Consulting Engineer New York City, with his old friend and 
associate, the late Mr. Clarke, partner. This association continued 
until 1898, when Mr. Bonzano retired from professional 
and business work, making his home Philadelphia, Pa., where, 
surrounded his family and many friends, passed the evening 
his life quiet enjoyment. 

the work the pioneer and formative period American 
bridge construction, Mr. Bonzano had peer. His unusual talents 
and attractive personality enabled him place what was then bold 
and original bridge design under contract, and this day many 
his bridges are use, carrying loads far excess their original 
design. was also able put the bridge business sound and 
proper basis, from specifications erection, and doing 
earned the appreciation his associates and the grateful remembrance 
their successors. 

Mr. Bonzano’s professional activities resulted the building 
many important bridges his companies throughout America and 
foreign countries, but only few these monuments his genius 
will mentioned here: 

The Pecos Viaduct, 2100 ft. long, carrying the Southern Pacific 
Railroad over the Pecos River height 320 ft., built 1890. 
The Red Rock Cantilever Bridge, over the Colorado River Canyon, 
the Atlantic and Pacific Railway (now the Atchison, Topeka and 
Santa Railway). The Kinzua Viaduct, 300 ft. high, the Erie 
Railroad. the time its construction this viaduct was the highest 
structure the world, and for boldness design and erection methods 
astonished railroad and engineering circles, and was thoroughly dis- 
cussed the technical and daily press. The Chesapeake and Ohio 
Railroad Bridge carrying double-track railroad, two roadways, and 
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two sidewalks, over the Ohio River Cincinnati, built 1888. This 
bridge, having one 550-ft. and two 240-ft. spans, was that time the 
longest double-track span ever The Susquehanna River 
Bridge Sunbury, Pa., built 1882 for the Philadelphia and Read- 
ing Railroad, and the Columbia Bridge, Fairmount Philadel- 
phia, with seven spans aggregating 1000 ft., built 1886, for 
the Philadelphia and Reading’s double-track line. The Girard Avenue 
Bridge, Philadelphia, 1000 ft. long and 100 ft. wide, built 1874, 
was one the best examples American municipal bridges. 

Mr. Bonzano also had large, not the principal, share the 
development the modern draw-span, having designed 
some the most notable structures this type. The 274-ft. double- 
track draw the New York Central and Hudson River Railroad, 
Albany, built 1870; was one the first large railroad draw- 
spans. construction embodied many original 
features designed him, which later became standard practice. Some 
the other and earlier draws built Mr. Bonzano were the Harlem 
River Bridge, with double-track draw-span, built 1880; 
and the Albany and Greenbush, with 400-ft. draw, carrying double- 
track railway and roadway, built 1881. early 1878 built 
the 410-ft. through single-track draw-span the Susquehanna Bridge, 
the Philadelphia, Wilmington, and Baltimore Railway, then the 
longest draw the world. All these bridges, except the Albany and 
Susquehanna draw-spans are still standing and carrying modern 
loadings. 

Mr. Bonzano’s inventive and mechanical genius was shown the 
minor draw mechanisms. was the first use the locking roller 
with pair links the draw end, and soon after modified this 
the knuckle-joint. The use vertical screw for operating the 
locking mechanism was original with him. 

was also the pioneer engineer the development the first 
elevated urban railroads. The Sixth and Ninth Avenue Elevated 
Railroads New York City with their columns, now nearly 
years old, are monuments his boldness professional thought 
business judgment. also built all the Kings County 
(Brooklyn Rapid Transit Company) Elevated Railroad lines. 

The merits the well-known column, which was invented 
the late Samuel Reeves, Am. E., the Iron 
Company, and was then only used building construction, was 
once recognized Mr. Bonzano, and was the first introduce 
bridge compression members and exploit its advantages. 
made the designs the details necessary apply the column 
bridgé construction, and remained the best bridge compres- 
sion member for many years. This shown the fact that there 
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never was failure Phenix column bridge, matter how 
much the latter was overloaded. 

gave many inventions the modern world, the 
records the Patent Office testify. Chief these the popular 
rail joint, bearing his name, which called his “little bridge”, 
epigrammatic expression which, with the ingenious thought that 
prompted invention, was typical him. 

Although Mr. Bonzano will remembered the Profession 
one the pioneer and able bridge engineers his age, his contem- 
poraries will particularly remember him for his fine 
personality, and his lasting friendship for them. employer 
was kindly and considerate, and many engineers this generation 
will remember him for his guiding hand when they were 
his apprentices and students. numbered among his friends every 
one who knew him, his kindly disposition and genial manner making 
him friend everybody. has been truly said that never 
enemy. His charity, however, unostentatious and liberal 
was, will never known; all know never refused 
helping hand. 

Mr. Bonzano was Member the Society Civil 
Engineers, the American Society Mechanical Engineers, the 
American Society Mining Engineers, the Franklin Institute, the 


Union League Club Philadelphia, and the Engineers’ Club New 


1857 was married Laura Goodell, Detroit, Mich., 
and they had two sons, Hubert and Maximilian survived 
only. the latter, who Member the American Society Civil 
Engineers. 

Mr, Bonzano was talented musician, having skillful 
pianist and able organist, and the end kept in- 
terest all things musical. was familiar figure the 
and his home life always had much music. was pleasant 
with him there, observe his love for music, and enjoy his unique 
and charming personality. His legion friends and associates can 
more than cherish his memory and glad that his long and 
busy life ended beautiful his beloved music. 

Mr. Bonzano was elected Member the American Society 
Civil Engineers August 7th, 1872. 
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James Edmund Childs was born Neversink, Y., July 11th, 
1848, and began his railway work, April, 1865, with the Engineering 
Corps engaged the location and construction the New York and 
Oswego Midland Railroad, now part the New York, Ontario and 
Western 

During 1869 and 1870, was Assistant Engineer the Chicago 
and Michigan Lake Shore Railroad, now part the Pere Marquette 
Line. Later 1870 was Resident Engineer the Buffalo, New 
York and Philadelphia Railroad, now part the Pennsylvania 
System, and the following year, 1871, Division Engineer the 
Rochester Line Railroad, now part the Buffalo, Roches- 
ter and Pittsburgh Railroad. 

1873 Mr. Childs was engaged the relocation division 
the Wisconsin Central Railroad, Division Engineer, and, 
1874 and 1875, Assistant Engineer charge some improvements 
the New York and Harlem Railroad, now part the New York 
Central System. 

1876, Mr. Childs returned the Rochester and State Line Rail- 
road Chief Engineer and Superintendent, and five years later, 
1881, came back, General Superintendent, the re-organized New 
York and Oswego Midland, which boy, sixteen years before, 
had begun his railway work. 

was also Assistant General Superintendent the New York, 
West Shore and Buffalo Railroad during its construction and the 
time was opened for traffic 1883. 

February, 1886, was made General Manager and, Sep- 
tember, 1904, Vice-President and Director, the New York, Ontario 
and Western. Mr. Childs was the service this company continu- 
ously for more than thirty years, with the exception one year, 1889, 
when was offered and accepted the position Assistant General 
Manager the Lake Shore and Michigan Southern Railway properties. 

the following year, however, returned the service the 
New York, Ontaric and Western, the earnest request its President 
and Board Directors, order forward and complete the Ontario, 
Carbondale and Scranton Railway, then under construction from the 
main line the City Scranton, through the upper anthracite coal 
region. Mr. Childs remained the service this company Gen- 
eral Manager until the time his death, filling also the positions 


Memoir prepared William Haven, Am. Soc. E., Edward 
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Vice-President and energy and ‘devotion its 
interests and his knowledge the property and territory which 
served, did more than any one else promote its welfare and increase 
its traffic. His long service with the officers and employees, and the 
intimate and friendly character his relations with them, rendered 
his death not only loss the company, but personal sorrow 
his associates. 

1882, Mr. Childs was married Laura Grant, daughter 
the late William Grant, Am. Soc. E., him. 

Mr. Childs was elected Member the American Society Civil 
Engineers December 4th, 1878. 
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13TH, 1913. 


Joseph Potter Cotton, son Isaac and Rhoda Lamont (Potter) 
Cotton, was born Bowdoin, Me., May 8th, 1837. was de- 
scended from old New England stock. received his education 
the schools and academies his home district, and worked 
the neighboring farms. Later, taught district schools Maine, 
New Jersey, and Pennsylvania. 

While was engaged teaching Easton, Pa., the Civil War 
broke out, and, 1862, served Orderly Sergeant company 
militia that place. 1863, raised and took command 
Company Forty-eighth Regiment, Pennsylvania Volunteers, which 
was mustered into the service the United States. 

1866, Captain Cotton began his engineering work Rodman 
and Leveler the survey for the Lake Superior and Lake St. Croix 
Railroad Wisconsin. September, 1867, entered the Govern- 
ment service; under the late General Warren, Corps En- 
gineers, and was engaged Assistant Engineer surveys 
various rivers and bridges Minnesota, Mississippi, Wisconsin, 
and Ohio. 1871, Newport, and, under General 
Warren, had charge the the, breakwater Block 
Island. 1872 and 1873, with the late Chesbrough, Past- 
President, Am. Soc. E., made survey Newport, connec- 
tion with plan for new system sewerage, which plan, slightly 
modified, was adopted and forms the basis the present system. 
Captain Cotton continued the service the Government until 
1883, being engaged river. harbor, and fortification work. 1882 
and 1883, served Commissioner and Engineer the Seekonk 
River Bridge, Providence, 

1883, resigned engage the private practice engineer- 
ing. made his home Newport, and became actively interested 
city affairs and public improvements. From 1876 1883, served 
Member the School Committee; was also Overseer the Poor 
for three years, and Street Commissioner 1890 and 1891. was 
one the group citizens who framed the present city charter, and, 
its adoption, became member the Representative Council, 
serving several its important committees. continued 
member the Council until his death. 

Captain Cotton was also deeply interested the social betterment 
the city and its people. was one the founders the Charity 
Organization 1880, and from that time until his death was ac- 
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tive member its Board assisted establishing 
the Holly Tree Coffee Rooms, the Law and Order League, and the Indus- 
trial School, and was for some years Trustee the Newport Hos- 
pital. His greatest public service, and one which took the great- 
est interest and pride, was rendered connection with the Newport 
Co-operative Society for Saving and Building, which was largely 
instrumental founding 1888, and which was the first.and only 
President. The growth, prosperity, and efficiency this institution 
owing more him than any other man. 

March 26th 1867, was married Miss Isabella Cole, who 
died 1908. survived two sons, Dr. Frederic Cotton, 
Boston, Mass., and Joseph Cotton, Jr., New York City. 

Captain Cotton was actively engaged work the very end 
his long life. died his sleep December 13th, 1913, without 
pain and without premonition death. 

few days later, Rear-Admiral French Chadwick, N., 
retired, wrote him: 

“Our town feels that the death Captain Cotton has lost 
mainstay. This loss not only our being deprived wise 
counsellor, upright, clear-thinking citizen working always for the 
good his fellow-men, but have lost exemplar character. 
old men was example, age, activity business and public 
life; the younger was pattern, for exemplified very full 
degree what character the large sense means.” 


Joseph Potter Cotton was elected Member the American So- 
ciety Civil Engineers June 7th, 1876. 
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FREDERIC DANFORTH, Am. Soe. E.* 


Diep 1913. 


Frederic Danforth, the son Judge Charles and Julia (Dins- 
more) Danforth, was born Gardiner, Me., February 8th, 1848. 
was graduated from Dartmouth College (Thayer College Civil 
Engineering) 1870, and began work Rodman the construction 
the European and North American Railroad, August, 1870. 

From that time until his death, was almost constantly connected 
with railway work various capacities, being employed follows: 
the Augusta and Wiscassett Railroad, from October, 1871, 
May, 1872; Bartlett Division the Portland and Ogdensburg Rail- 
road (now the Mountain Division the Maine Central Railroad), 
from August, 1872, October, 1873; Boston and Northwestern Rail- 
road 1874; West Waterville and Augusta Railroad and the Augusta 
and Lewiston Railroad 1875; the European and North American 
Railroad and the Penobscot River Railroad, from 1876 1881; the 
Gardiner and Farmington Railroad and the Aroostook Central Rail- 
road 1881; the Skowhegan and Athens Railroad 1882; the Maine 
Shore Line Railroad and the Mt. Desert Railway 1883; the Franklin 
and Megantic Railway 1884; the Northern Maine Railroad, 
Chief Engineer, 1888 and 1889; the Central Railroad, 
Chief Engineer, from 1888 1890; the Portland and Rumford Falls 
Railroad, Chief Engineer, from 1891 1894; the Maine Central 
Railroad 1901; the Junction Railroad 1905; the Eastern 
Maine Railroad, Chief Engineer, 1911 and 1912. 

Contemporaneously with this work, Mr. Danforth was engaged 
land and city surveys Gardiner, Me., and surveys townships 
the State. 1882, designed the dam for the Augusta Water 
Company. also served City Engineer Gardiner for long 
period. 

November, 1894, was appointed Engineer Member the 
Board Railroad Commissioners Maine, and was re-appointed 
November, 1897. was elected Mayor Gardiner March, 
and re-elected 1902; also served member the Board 
Trustees the Gardiner Water District 1904. Mr. Danforth was 
frequently employed Supreme Court Referee the adjustment 
disputed township boundaries and other engineering questions. 
his appointment member the Board Railroad Commissioners. 
resigned his official connection with several railroads Maine, and 
thereafter practiced extensively Consulting Engineer, especially 
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for railroads and bridges. the time his was Director 
the Gardiner National Bank. 

1880 Mr. Danforth was married Miss Caroline Stevens, 
Randolph, Me., who, with four children, survives him. 

Mr. Danforth was man with great practical, well theoretical, 
knowledge, and rare common sense, was careful, accurate, and 
hard worker, and, railroad location, had few, any, equals, his 
methods for such work embodying the highest kind science. 
had strong domestic tastes, and was kindly and considerate the 
extreme, though retiring disposition. inspired the sincere 
affection and regard his subordinates and all who knew him, 
and his judgment and advice were frequently sought and always 
generously given, was highly respected everywhere for his 
character and ability. was devoted his profession and inspired 
that devotion the other members with whom came con- 
tact. Truth and-honesty stood above all him, and all his life 
unswervingly insisted that every action decision should 
based them. The Profession, well his own immediate circle, 
suffers immeasurable loss his death. 

Mr. Danforth was Member the Thayer Society Civil En- 
gineers and the Maine Society Civil Engineers.. was elected 
Member the American Society Civil Engineers September 
2d, 
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JAMES JOSEPH FERRIS, Am. E.* 


Diep May 1914. 


James Joseph Ferris, the son John, and (Harrington) 
Ferris, was born Listowel, County Kerry, Ireland, 17th, 
1860. was five years age, his family came the United 
States and settled Carmel, Putnam County, New York, where they 
lived for six years, until ill-health and business reverses caused their 
return Ireland. Mr. Ferris’ early education, started Carmel, 
was completed Ireland, and, after leaving school, helped his 
father, who was the manager large estate. 

After few years farm work and the age twenty, Mr. 
Ferris returned the United States and settled Jersey City, 
entered the employ Cofrode and Company, Timekeeper, 
and, subsequently, Foreman, important bridge work and other 
heavy railroad construction Maryland, Pennsylvania, and Virginia. 

Early 1886, during the settlement the estate this firm, 
was made Superintendent the executors, and was charge all 
the work being done the firm. When re-organization was effected 
1888, under the firm name Sandford and Stillman Company, 
Mr. Ferris was appointed General Superintendent, and held this posi- 
tion until 1902, when the firm was re-organized and became known 
The Stillman Company, Mr. Ferris remaining General 
Superintendent. 1911, the firm was again re-organized under the 
name Stillman-Delehanty-Ferris Company, Engineers and Con- 
tractors, and Mr. Ferris became Vice-President and Chief Engineer, 
charge all engineering and outside work. About year ago 
(1913), became President the Company. 

Mr. Ferris’ engineering education was obtained Cooper Union 
Institute New York City, and through constant home study. 
was keen observer, possessed wonderful memory, and qualities for 
thoroughness, ready debate and argument, and was most genial 
and happy nature. Accustomed directing the labor large num- 
bers men, had fine tact, most courteous manners, and, very 
high degree, the power command loyal service and friendship from 
others. 

was charge various parts the construction the Penn- 
sylvania Railroad Company’s train-shed and office building, and the 
ferry slips and sheds Jersey City, and directed the work the 
grade crossing elimination for the same railroad through that place. 
was also charge the construction the roundhouse and 
yards the New York, Susquehanna and Western Railroad, Shady- 
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side, and various other New York Harbor, notably the 
sinking the shafts Washington Street and Exchange Place, 
Jersey City for the tube elevators for the Hudson and Manhattan 
Railroad Company, and the construction the Hackensack River 
Turnpike Bridge. 

June, 1913, Jersey City adopted Commission form Govern- 
ment, and Mr. Ferris was signally honored being elected member 
the first Board govern its affairs. was selected take 
charge the Department Streets and Public Improvements, and 
during the past year had brought his Department high state 
efficiency, his most notable achievement being thorough cleaning 
the City’s water supply the Boonton water-shed. 

Mr. Ferris died suddenly May 15th, 1914. was thorough 
and painstaking engineer, exceptionally devoted student, was 
esteemed and admired all who knew him, faithful friend, 
devoted father, and good citizen. 

1888, was married Miss Bridget Ryan, Baltimore, Md., 
who, with five sons and three daughters, survives him. 

Mr. Ferris was elected Associate the American Society 
Civil Engineers July 10th, 1907, and Member September 
8d, 1912. 
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JOHN DOUGLAS FOUQUET, Am. E.* 


Diep 18TH, 1913. 


John Douglas Fouquet was born Plattsburg, Y., August 
1829. received his early education from governesses and 
the Parish School. When was sixteen years old, was enrolled 
the Plattsburg Academy, where received his preparatory training. 
entered Rensselaer Polytechnic Institute 1849, taking the course 
Civil Engineering. 

1852, the end the Spring term, Mr. Fouquet left Rensselaer 
accept position Draftsman stations and buildings with the 
Plattsburg and Caughnawaga Railroad, which later became the Platts- 
burg and Montreal Railroad, and now part the Delaware and 
Hudson System. May Ist, 1854, became member the 
Engineer Corps the Sunbury and Erie Railroad, now the Phila- 
delphia and Erie Branch the Pennsylvania Railroad, with head- 
quarters Williamsport, Pa. was engaged first Assistant the 
Planetable Topographer the preliminary and location 
the road and, their completion, was retained, under Mr. Robert 
Ferris, Chief Engineer, and Col. Phaon Jarrett, Assistant Chief 
Engineer, Head Draftsman the Eastern Division the road 
(Ridgway and Sunbury Railroad), the preparation plans for 
the stations, buildings, culverts, and seven large Howe truss bridges, 
each 1000 ft. long, various crossings the West Branch the 
Susquehanna River. 

account the panic 1857, work the Sunbury and Frie 
Railroad was suspended for six months, and during this time Mr. 
Fouquet was engaged under the late Dickinson, Am. 
E., Chief Engineer, Leveler the preliminary and location 
surveys line about miles, between Dauphin and Landis- 
burg, Pa., for the Sherman Valley and Broadtop Railroad, which road 
was projected connection with the Broadtop Coal Mines. 

When work the Sunbury and Erie Railroad was resumed, 
returned that road, with headquarters Lock Haven, Pa., remain- 
ing with the Company until the fall 1860, when the line was acquired 
the Pennsylvania Railroad, which time Mr. Fouquet returned 
Plattsburg, During the summer 1861 was engaged 
the State New York survey and map the State prison prop- 
erty Dannemora, Y., and, connection with this work, 
designed ventilating shaft for the iron mines within the enclosure 
Clinton Prison. 

November 18th, 1862, Mr. Fouquet entered the United States 
Navy Clerk Rear-Admiral Theodorus Bailey, the 
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East Gulf Blockading Squadron, the flagship St. Lawrence, which 
was stationed Key West, Fla., part his duties consisting bearing 
dispatches and from the Consul Havana, Cuba. 

May, 1864, resigned from the Navy and was appointed 
position the Brooklyn Navy Yard Gideon Welles, the Secretary 
the Navy. his arrival New York City, however, was 
offered and accepted more lucrative position with the Athens and 
Schenectady Railroad Topographer the field organization then 
being formed that road, with headquarters Athens, 
this position was engaged preliminary and location surveys, and, 
later, construction, charge the Terminal Division, which 
included docks, bulkheads, passenger stations, well engine-houses, 
shops, tenements, etc., Athens. 

the fall 1866, Fouquet entered the employ the Atlantic 
and Great Western Railroad Chief Topography, the staff 
Col. James Worrell, who was Chief Engineer the Sir Morton Peto 
project for air-line from New York City Chicago, with headquar- 
ters Harrisburg, Pa. The work consisted closing gaps between 
existing lines New York, Pennsylvania, and Ohio. There were five 
engineering corps the field between Lewisburg, Pa., and Green- 
ville, Ohio. the spring 1867, however, the failure Sir Morton 
Peto caused all work abandoned, and the various corps were left 
stranded the oil regions Pennsylvania. 

Mr. Fouquet then became Topographer, under the late Oliver 
Barnes, Am. Soc. E., Chief Engineer, the preliminary and 
location surveys for the Dutchess and Columbia Railroad, later known 
the Newburg, Dutchess, and Connecticut, and now the Central New 
England Railroad. was afterward made Division Engineer the 
construction the Western Terminal Division, with headquarters 
Fishkill, Y., and later became Architect for the terminal and station 
buildings. 

the completion this work, Mr. Fouquet engaged the 
private practice civil engineering and architecture, with office 
Fishkill, designed the building for the Fishkill High 
School, and was engaged engineering and architectural work 
the Dart Manufacturing Company connection with large woolen 
mill plant Glenham, was also engaged work for the 
Whiting Junction Railroad Vermont, now part the Vermont 
Central System, one interesting feature this work being the con- 
struction and installation pontoon draw connection with the 
maintenance the channel Lake Champlain. 

the spring 1871, Mr. Fouquet retired from private practice 
accept position Engineer and Architect with Garner and Com- 
pany, New York City, which Company owned large cotton mills 
and print works various places New York, Pennsylvania, and 
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Rhode Island. this position designed and superintended the 
construction many mills, warehouses and tenements New York 
State, well dams, reservoirs, and connections with existing rail- 
road lines, together with the reconstruction and additions various 
plants belonging the Company. also designed Club House 
Stapleton, I., and rebuilt New York residence, for Mr. William 
Garner, the President the Company. 

While this position, Mr. Fouquet designed the large warehouse 
the corner Worth and Hudson Streets, New York City, 
which still use. that time this building was second height 
the Western Union Building, then the tallest commercial building 
the city. 

the fall 1873, when the business portion Fishkill, Y., 
was nearly wiped out fire, Mr. Fouquet opened branch office 
there, and designed stores, dwellings, bank buildings, 1882, 
resigned his position with Garner and Company accept appoint- 
ment Chief the Construction Department the New York, 
West Shore and Buffalo Railway (later the West Shore Railway), 
with headquarters Jersey City, The work included the design 
and construction bulkheads, piers, transfer and ferry bridges 
New York Harbor, the offices being subsequently moved New 
York City, and finally Weehawken, 

fall the Company was placed the hands 
Receiver. With few others, Mr. Fouquet was retained and made 
Division Engineer the Western Division, with headquarters 
Frankfort, remained that place until the completion 
the extensive yards and shops 1884, when was transferred 
Syracuse, Y., and placed charge the completion more than 
100 stations, freight-houses, etc., between Newburgh and Buffalo, 
the fall 1884, left Syracuse and made his headquarters 
Weehawken, 1885, work the West Shore Railroad was 
entirely completed, and Mr. Fouquet returned his home Fishkill, 
Within week, however, was recalled prepare the plans 
and take charge the construction the Forty-second Street Terminal 
Station New York City, which had been destroyed fire. also 
prepared the plans for the Company’s terminal Jay Street. 

1886, the West Shore Railroad was leased the New York 
Central and Hudson River Railroad, and Mr. Fouquet was transferred 
the Grand Central Station and made Architect the combined 
systems. addition his architectural work, Mr. Fouquet had 
charge the surveys for branch road from the West Shore Railroad 
Saugerties, Y., the Harding Hotel the summit the 
Catskill Mountains, about miles, the maximum grade 
being about per cent. also had charge all architectural and 
construction work connection with the depression the tracks the 
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New York and Harlem Railroad between Mott Haven and Woodlawn 
Junction, the elevation the tracks the viaduct from the north 
end the Fourth Avenue Tunnel Mott Haven Junction, and the 
construction the large storage yards and shops Haven. 

September ist, 1893, Mr. Fouquet resigned his position with 
the New York Central and Hudson River Railroad Company engage 
private practice New York City Consulting Engineer and 
Architect. this capacity made the plans and estimates for the 
elimination grade crossings for the City New Bedford, Mass., 
designed the Fireboat Station Battery Park, for the City New 
York, and was associated with the and Staats Company 
the design the facades for the bulkheads and piers for the Cunard, 
White Star, and Wilson-Furness Steamship Lines, West Street, 
New York City. 

1900, Mr. Fouquet was obliged give his work account 
serious illness. his recovery again entered the employ the 
New York Central and Hudson River Railroad, but January, 1905, 
was seriously injured accident one the passenger 
elevators the Grand Central Terminal that retired from active 
work and returned Fishkill, where resided until his death. 

Mr. Fouquet was engaged actively the practice his profession 
for period years, and the fact that during that time had 
had charge millions dollars worth work, and had never been 
long without employment, was always source gratification him. 
had sustained various times fractures both arms, and through 
the improper bandaging one such fracture, had since the age 
twelve years been confined the use his left hand. 

his early youth had developed artistic talent, and odd times 
and for his own pleasure, worked both oils and water colors. 
His leisure was devoted hunting and fishing, from which recreations 
derived much pleasure. 

December 27th, 1864, Mr. Fouquet was married, Athens, 
Y., Miss Emma Leffingwell. survived two sons, 
Louis Douglas Fouquet, Engineer the Sewer Division the Public 
Service Commission the First District, State New York, and 
Morton Leffingwell Fouquet, Engineer Charge the Department 
Substructures the Borough Brooklyn, New York City. 

Brooklyn, From his youth had been member the 
Protestant Episcopal Church, and had always taken active interest 
church work, having served for many years Vestryman St. 
Stephen’s Church, New York City, and Vestryman and Junior 
Warden Old Trinity, Fishkill, 

Mr. Fouquet was elected Member the American Society 
Civil Engineers June 3d, 1885. 


| 
| 


MEMOIR WEBSTER GAZLAY 1861 


WEBSTER GAZLAY, Am. Soc. E.* 


Diep 1914. 


Webster Gazlay was born Louisville, Ky., February 17th, 
1862, and given the name “Webster” recognition his father’s 
admiration for the great statesman. His surname has come through 
mutations from Gazeley, Gazelle, Geasley, and Gaselee, early Eng- 
land. For the past 400 years, Judges the name Gaselee have 
sat the King’s Bench, England, and their decisions are still 
quoted English books law. Judge Gaselee was Dickens’ pro- 
totype, said, for “Judge Stareleigh” Pickwick’s famous breach 
promise suit. 

Mr. Gazlay’s mother was Wheeler, Virginia ancestry, Chap- 
lines and Claibornes blending. her maternal side, John Randolph, 
Roanoke, was kinsman. 

1715 (Old Style) the English progenitor the family 
America settled the State New York, and his son, John Gazlay, 
was member the Continental Congress. Webster Gazlay’s father, 
Addison Gazlay, was born the valley the Unadilla River, 
Central went Kentucky his early manhood, and for 
many years was leading commercial lawyer the Louisville bar. 

spite the marked inclination the family the pursuit 
law, Gazlay early manifested such love and aptitude for 
mathematics, that easily stood the head his classes such 
studies. passion for mathematical investigation, undoubtedly 
influenced his choice profession and determined the precision 
thought and act and the exactness expression and language, that 
were comment and banter among his intimate friends. 

was graduated from the Louisville Male High School 1881, 
and, the death his father preventing the further prosecution 
his technical studies, accepted position Draftsman the office 
the Chief Engineer the Louisville and Nashville Railroad, where 
remained until May, 1883. 

After leaving the Louisville and Nashville Railroad Company, 
was appointed Assistant the late Charles Hermany, Past-President, 
Am. Soc. E., and was engaged the construction water-works 
Frankfort, Ky., and surveys, plans, for proposed reservoir 
for Nashville, Tenn. 

the completion these projects, became Assistant Engineer 
the Louisville Southern Railroad (now part the Southern 
Railway System), and was charge residency during the construc- 
tion that road. 


j 
| 
| 
| ' 


1862 MEMOIR WEBSTER GAZLAY 


1888, Mr. Gazlay accepted position, as: Assistant Engineer, 
with the Louisville Water Company, later becoming Assistant 
the Chief Engineer, during the construction new pumping station 
and extensive system filters; remained this position until 
1905, resigning that time become the Vice-President and Engi- 
neer the National Concrete Construction Company, contracting 
firm with its principal office Louisville, Ky. 

1906, again returned the Louisville Water Company 
Associate’ Engineer, and retained this position until the completion 
the filter plant the Fall 1909. accepting his resignation, 
the Water Board passed the following resolution recorded 
its Minutes: 

“To his intelligence conception, vigor execution, and tireless 
energy the carrying the work, due, large measure, the 
successful completion the great enterprise which has devoted 
himself.” 

Mr. Gazlay was married November 7th, 1906, Miss Lida Hamp- 
ton, Louisville, Ky., who, with three children, Webster Gazlay, Jr., 
Lida Hampton Gazlay, and Sallie Josephine Gazlay, survives him. 

Mr. Gazlay was man high ideals and thoroughly love with 
his Profession. All his concepts were clear, touched 
great degree with that light and leading which humanity 
wont term genius. His standard condemned anything less than 
the wholly clean way honesty and truth, and permitted com- 
promise where the facts were clear and plain. his many friends, 
his untimely passing away source great sorrow, but they have 
the consolation knowing that has been their privilege work 
and walk with man fashioned well and truly the image his 
Maker. 

was one the original members the Engineers 
tects Club Louisville, Ky., and was always placed committees 
where important and efficient work was demanded. 

Mr. Gazlay was elected Member the American Society 
Civil Engineers June 7th, 
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CHARLES ARTHUR HAGUE, Am. Soe. E.* 


June 1911. 


Charles Arthur Hague was born Newton, Mass., October 9th, 
1849. 

was the employ the Clapp and Jones Manufacturing Com- 
pany Hudson, Y., Draftsman and Designer, from 1872 
1875, when resigned become Mechanical Engineer and Drafts- 
man steam engines and boilers for the Frank Douglas Machinery 
Company, Chicago. 

1876, Mr. Hague became Master Mechanic for the Furst and 
Bradley Manufacturing Company, and while that position pat- 
ented many improvements plows and other implements, besides 
designing and erecting numerous special machines. From 1884 
1887, was Superintendent for the Allis Company, Mil- 
waukee, Wis. 

After one year with the Knowles Steam Pump Company, New 
York City, became Mechanical Engineer for the Worthington 
Company, which position held until 1895. From that time until 
his death, was engaged consulting practice New York City. 

Mr. Hague was the author treatise entitled “Pumping Engines 
for Water Works.” was member the American Society 
Mechanical Engineers, the American Water Works and 
the New England Water Works Association. 

Mr. Hague was elected Member the American Society Civil 
Engineers February 3d, 1892. 
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James Charles Haugh, the son Thomas and Jane Watts Haugh, 
was born Cincinnati, Ohio, March 23d, 1855. 

His primary education was received the schools Cin- 
early age entered the office Gen. Hicken- 
topper, then City Surveyor, but pursued his studies the High School 
night course. After some years the City Surveyor’s office, 
during which had earned promotion, entered the service the 
Portsmouth and Ohio Railroad, from which employment shortly 
resigned become Resident Engineer the Cincinnati Southern 
Railroad, charge tunnel arching and grade construction. 
this work was associated with the late Col. George Nicholson, 
Am. E., who had been the friend Mr. Haugh’s brother. 
The association Mr. Haugh and Col. Nicholson was intimate until 
the death the latter. 

1881 Mr. Haugh was sent Col. Nicholson the New Orleans 
and North Eastern Railroad and had charge, Resident Engineer, 
the construction the Lake Pontchartrain Trestle (214 miles long) 
which that time was the longest trestle the world. the 
pletion the construction the New Orleans and North Eastern 
Railroad, Mr. Haugh was placed charge Maintenance Track, 
Bridges, and Buildings, which capacity served until his death. 

Mr. Haugh was Member and Past-President the Louisiana 
Engineering Society, and also Member the American Railway 
Engineering Association. 

His information all matters pertaining the maintenance 
railways was thorough, and was perhaps one the best informed 
engineers the United States timber preservation. 

Mr. Haugh had unique personality. possessed shyness 
which bordered almost diffidence, yet latent force pervaded 
his every thought and undertaking. was exceptionally charitable, 
his charity being the unostentatious kind. His unfailing cheer- 
fulness was itself inspiration those with whom came 
contact. 

difficult express words the affection which Mr. Haugh 
was held his associates. His circle acquaintances was large, 
and every member feels sense personal loss his death. 
Those who were privileged know him well believe that the world 
better reason his sojourn therein. 

Mr. Haugh was elected Member the American Society Civil 
Engineers February 2d, 1909. 
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JOHN WILLIS HAYS, Am. Soc. E.* 


Diep 1913. 


John Willis Hays was born Oxford, C., March 14th, 1861, 
and was christened with the name borne his father and his grand- 
father. was educated local private schools and the University 
North Carolina. 

young man Mr. Hays did engineering work under the late 
Benjamin Frost, Am. Soc. E., Massachusetts, who had 
distinguished himself connection with the building the Hoosac 
Tunnel that State, and was, the time question, engaged 
laying out route for the Oxford and Henderson Railroad. Later, 
Mr. Hays joined the field staff William Kerr, State Geologist 
North Carolina, where acquired experience and developed ability 
which gained for him appointment Topographer the United 
States Geological Survey. This position held for many 
the Appalachian Mountains, and later the Rockies, during the 
summer, and Washington winter. 

addition the remarkable thoroughness his engineering work, 
Mr. Hays was distinguished for the unusual excellence his drafting. 
Indeed, his artistic ability was marked, and had chosen Art 
vocation, his would doubtless have been gratifying. Nor was 
his facility with the pen confined drafting and free-hand sketching, 
for many his exciting mountain adventures were reduced manu- 
and published such periodicals The Outing Magazine, The 
Youth’s Companion, and the newspapers Washington and other 
cities. was also occasional contributor journals devoted 
engineering matters. 

Leaving the Government service the early Nineties for work 
which his individuality would have freer play, Mr. Hays became 
City Engineer Petersburg, Va., having few years previously mar- 
ried the daughter one the leading citizens that place, who, with 
large family, survives him. While that position laid out 
Ferndale Park, constructed the high-service reservoir, and other 
ways left his impress the city’s physical characteristics. 

Mr. Hays’ nature was such that could not contented 
political position. knew but one course pursue, and that was 
the one absolute rectitude saw it, and was remarkably 
free from moral strabismus. Consequently, left the position 
engage private work. Although frequently urged return 
the City Engineership increased salary, steadfastly and politely 
declined. 


Memoir prepared Francis Hays, Esq. 


1866 MEMOIR JOHN WILLIS HAYS 


the meantime, built private practice which became more 
remunerative the years went by, and was able command the 
fee expert for mere opinion. Shortly before his death, 
had completed the development the Walnut Hills Section, reached 
from the City Petersburg proper iron viaduct over broad 
gorge which latter had long rendered practically inaccessible. 
developed the water power Roanoke Rapids, C., and did munici- 
pal work Mt. Airy, Dunn, Kinston, and other towns his native 
State, well Emporia, Blackstone, and many other points 
the State his adoption. 

Physically, Mr. Hays was man magnificent mould, having been 
considerably more than ft. height, erect and clean-limbed, and 
carrying his two hundred and odd pounds without the suggestion 
surplus ounce flesh. was down the zenith his powers 
thrombosis induced fall sustained while engaged field work. 

Mr. Hays was Master Blandford Lodge Masons, President 
the Petersburg Benevolent Mechanics’ Association, Elk, and, for 
several years, had conducted with marked success men’s Sunday- 
school class. was man vigorous mind, keen intellect, catholic 
tastes, strong personality, faithful friend, and true gentleman. 

Mr. Hays was elected Member the American Society Civil 
Engineers June 5th, 1901. 


: 


MEMOIR WILHELM HILDENBRAND 


WILHELM HILDENBRAND, Am. E.* 


21st, 1908. 


Wilhelm Hildenbrand, one the most eminent designers and con- 
structors suspension bridges, was born June Ist, 1843, Karls- 
ruhe, the Grand Duchy Baden, Germany. After receiving 
classical education the Lyceum his native town, entered its 
Polytechnic School, which was then the most renowned Germany, 
having among its professors, Redtenbacher, one the 
scientific mechanical engineering, and Sternberg, equally prominent 
scientific bridge design. After was graduated engineering and 
had passed the “Staats Examen” required for Government employment, 
entered its service Engineer Highway Construction and In- 
spector rails the rolling mills Westphalia and Rhenish Prussia. 
After year the service the State, emigrated 1867 
America. 

His first position was Draftsman architect’s office, but 
soon found employment with the late John Roebling, Am. Soe. 
E., who was that time planning the construction the Brooklyn 
Bridge. Under Mr. Roebling’s directions, Mr. Hildenbrand made the 
first drawings that famous structure, the building which 
afterward took prominent part. 

During the delay caused the initial difficulties this enterprise 
entered, Assistant Engineer, the service the New York Central 
Railroad where was entrusted with the architectural design for the 
Forty-second Street Terminal Passenger Station New York City, 
and with the construction the great arched roof over the train-shed. 
Both structures were built accordance with his plans and specifica- 
tions, thus laying the foundation his reputation architect and 
engineer. The roof truss had the largest span the world that 
time, and lasted until the entire reconstruction the station required 
its removal. 

1870, when the Grand Central Station was nearly completed, the 
actual construction the Brooklyn Bridge began, and Mr. Hilden- 
brand was engaged Washington Roebling, the Chief Engineer, 
Principal Assistant Engineer. During Mr. Roebling’s protracted ill- 
ness, which confined him his bed room for nearly ten years, Mr. 
Hildenbrand made all the scientific investigations and mathematical 
necessary for the structure. also made the architec- 
tural for the approaches and had charge the steel superstruc- 
ture, which was designed, inspected, and erected under his direction. 

1883, after the completion the Brooklyn Bridge, Mr. Hilden- 
brand opened office New York Consulting Engineer and, 
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Chief Engineer, many suspension bridges the United States 
and Mexico. also built truss bridge over the Ohio River 
Wheeling, Va., which, like most his work, for 
its pleasing appearance. 

1885 submitted design the public competition for the 
Washington Bridge, and was awarded the second prize. Several fea- 
tures his design were incorporated this bridge built. 

1894 Mr. Hildenbrand did important work for the New York 
Chamber Commerce which protested against the building pier 
near the center the North River for railroad bridge that time 
projected the New York and New Jersey Bridge Company. The 
President the United States appointed commission five distin- 
guished engineers examine the feasibility single-span bridge 
across the river. Mr. Hildenbrand submitted design, estimate, 
and argument favor suspension bridge, and appeared before 
the Commission the representative the Chamber Commerce. 
The Commission reported favor the feasibility suspension 
and against cantilever bridge, which was the question issue; Mr. 
Hildenbrand, therefore, carried his point. 

1895 became Chief Engineer the reconstruction the 
Covington and Cincinnati Bridge over the Ohio River. This was his 
most important and difficult independent work. The bridge the 
third largest suspension bridge the world, and was built originally 
Mr. John Roebling 1867, but had become inadequate for the 
increased traffic. Mr. Hildenbrand replaced the floor and the stiffening 
trusses with wider floor and new stiffening trusses without interrupt- 
ing traffic, and supplemented the old cables and anchorages addi- 
tional ones. The task distributing the load between the new and the 
old was difficult, and required accurate calculation and delicate 
adjustment. was evidently accomplished successfully; the new bridge 
not only adequate but beautiful structure, and ornament 
the two cities. was finished 1899, the satisfaction his clients. 

the completion this bridge, Mr. Hildenbrand went Mexico, 
where constructed light suspension bridge, about the same span 
the Cincinnati and Covington Bridge, for the transport silver ore 
from the mines the Pefioles Company Mapimi the terminal 
point rack railway, built the Abt system, which Mr. Hilden- 
brand had constructed 1897. 

the representative the Abt system inclined rack railways, 
Mr. Hildenbrand, 1889-1890, constructed the track the Pike’s 
Peak Railway Colorado, reaching elevation ft., and fur- 
nished its locomotives. 

1900, the service John Roebling’s Sons Company, 
Trenton, J., became the Chief Engineer the contractor for 
building the cables the Williamsburgh Bridge. These cables, 50% 
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larger than those the Brooklyn Bridge, him one- 
third the time required construct those the Brooklyn Bridge. 

1904, was appointed Consulting Engineer the Westinghouse 
Electric Company, Pittsburgh, and such designed the overhead 
structures for the electrification the passenger traffic the New 
York, New Haven and Hartford Railway, near New York City. 
designed other and similar structures for the Westinghouse Company, 
acting Consulting Engineer for this Company until his death. 

1877 Mr. Hildenbrand published treatise “The Theory and 
Construction Wire Cables,” which standard work the sub- 
ject. 1888 published book “Underground Haulage Coal 
Wire Rope,” which was awarded medal and diploma honor 
the World’s Fair Chicago 1893. 

1895 published the German language lecture the his- 
tory suspension bridges from the earliest the latest times. also 
published many articles the technical press, mostly referring sus- 
pension bridges. 

engineer and architect, Mr. Hildenbrand always showed good 
taste, and gave close and painstaking attention all details. His 
extreme conscientiousness, which made him hesitate delegate minor 
parts his work subordinates, was the only obstacle his attaining 
still more brilliant success than achieved. 

had very interesting and original personality, and was true 
friend many who were fortunate enough make his acquaintance. 
was liberal fault his assistance many who needed it. 
was enthusiastic admirer Wagner, played his operas the flute, 
and never missed attending their performance when opportunity offered. 

was married, 1901, Miss Hubbard, daughter Judge Hub- 
bard Covington, Ky., who survives him. 

Mr. Hildenbrand was elected Member the American Society 
Civil Engineers February 5th, 1902. 
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Franklin Allen Hinds was born his father’s farm near Water- 
town, Y., November 17th, 1843, and received his elementary edu- 
cation the public schools that place. When was 21, went, 
way Panama, Portland, Ore., where studied under various 
engineers for two years. then returned East, and studied for 
year Yale University. 

Mr. Hinds then undertook the surveys for the Carthage, Watertown 
and Sacketts Harbor Railroad, and, later, was made Chief Engineer 
that road. Among other railroad work which had charge was 
that for the Kingston and Pembroke, and the surveys for the New 
York and Boston Inland Railroad. For some years was partner- 
ship with Mr. John Moffett, constructing municipal water-works 
all parts the United States and Canada. 

1889, Mr. Hinds formed partnership with Bond, Am. 
Soe. E., ex-Chairman the New York Barge Canal Advisory 
Board. The firm had large consulting practice mill construction, 
water-works, hydro-electric developments, and general engineering. 
This partnership was dissolved 1896, but the business was continued 
Mr. Hinds until his death. was City Engineer Watertown 
for several years, member the Board Commissioners for years, 
and vestryman Trinity Church for years. 

account his sterling character and his kindly interest 
others, Mr. Hinds was always inspiring example the younger 
men with whom came contact. loved his profession and in- 
stilled that love others. him, truth and honesty were funda- 
mental, and design was good, engineering sound, unless 
was founded truth and designed with unswerving honesty. 

1867 was married Miss Mary Thompson, who, with one 
brother, Oscar Hinds, survives him. 

Mr. Hinds was elected Member the Society Civil 
Engineers, May 3d, 1899. 
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William August Hunicke was born St. Louis, Mo., February 
23d, 1875. attended the schools until 1889, when 
was sent Germany where studied for three years. his re- 
turn St. Louis, entered Washington University, from which 
was graduated 1897, with the degree Civil Engineering. 

His first employment was with Robert Moore, Past-President, Am. 
Soc. E., and the late Johnson, Am. Soe. E., after which 
spent five years with the Mexican Central Railroad, charge 
the location and construction various branch lines that Com- 
pany. Returning St. Louis, was placed charge the Wash- 
ington University buildings and the laying out and improvement 
the University grounds. 

Mr. Hunicke was Assistant Engineer the St. Louis Terminal 
Railroad during the time that Mr. Taylor was Chief Engineer, and 
that capacity had charge the relaying the track the tunnel, 
which work had accomplished without interference with the 
traffic. His next work was the location and construction the exten- 
sion the railroads owned the Sligo Furnace Company Missouri. 

From 1909 1911, was Chief Engineer and Superintendent 
Construction the Apalachicola Northern Railroad, locating and build- 
ing that road from Apalachicola Jacksonville, Fla. 

From 1911 1918, was Superintendent Construction for the 
English Syndicate Cuba various extensions its roads, returning 
St. Louis August, 1913, become Assistant Operating Engineer 
the Missouri Pacific Railroad, which position held the time 
his death. 

Mr. Hunicke was member the Engincers’ Club St. Louis, 
the Railway Club St. Louis, and the Missouri Athletic Club where 
made his home, enjoying its comforts and environments. was 
one those who perished the fire which destroyed the building 
March 9th, 1914. 

was one the best posted authorities railroad location, 
construction, and valuation, and acted Consulting Engineer 
valuation work for number the smaller railroads the 
Beloved his friends, his was life well spent constructive work, 
and those who knew him well cherish his memory. 

Mr. Hunicke was elected Associate Member the American 
Society Civil Engineers March 2d, 1904, and Member 
January 7th, 1913. 

Memoir prepared Leo Dziatzko, Esq., Webster Groves, Mo. 
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NED HERBERT JANVRIN, Am. E.* 
Diep 1913. 


Ned Herbert Janvrin was born Somerville, Mass., May 20th, 

1871. was the son Hiram Gilmore and Catherine Marriott 
Plummer Janvrin. ancestor was one Jean Janvrin the Isle 
Jersey, whose son, Captain John Janvrin, sailed from Lisbon, Portu- 
gal, 1696, and settled Portsmouth, John, son Captain 
John Janvrin, born 1707, was graduated from Harvard College 
1728. William Janvrin, the great-great-grandfather Ned Herbert 
Janvrin, married Abigail Adams, niece President John Adams. 
maternal ancestor, Francis Plummer, emigrated from Wales, the 
foot the Snowden Mountains, 1635, and with his wife and two 
sons settled the bank the Parker River Newburyport. was 
the first man keep tavern and operate ferry that part 
Massachusetts. 

Mr. Janvrin received his early education the schools Somer- 
ville, having been graduated from the High School 1890. the 
fall that year entered the Massachusetts Institute Technology, 
from which was graduated 1894 with degree. George 
Swain, Past-President, Soc. E., writes him that “he was 
conscientious, faithful, and very capable student, lending his influence 
toward proper standard discipline and attainment, and left the 
school with the respect and confidence all his teachers.” 

Almost immediately after his graduation entered the drafting- 
room the Boston Bridge Works, serving there until May, 1895, 
under Worcester, Am. Soc. E., Chief Engineer, who was 
impressed with his brightness, quickness comprehension, and 
accuracy. 

From May November, 1895, was employed Traverseman 
with the United States Geological Survey survey work then 
progress New York State. then returned the drafting-room 
the Boston Bridge Works, remaining there until December, 1896. 
From that time until May, 1897, was with Mr. Worcester, during 
which period the train-shed for the South Station, Boston, was 
being designed. Mr. Janvrin did great deal responsible work 
the way and checking, particularly connection with 
the girder work the midway floor. this position showed that 
was developing all-around designer, retaining all had learned 
experience and earlier training. 

From May, 1897, July, 1899, was employed the Bridge and 
Construction Department the Pennsylvania Steel Company, Steel- 
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the designs steel and viaducts. 

Between July, 1899, and March, 1900, Mr. Janvrin was Assistant 
Bridge Engineer for the Metropolitan Street Railway Kansas City, 
Mo., designing several the Company’s bridges and viaducts. 
then entered the service Messrs. Waddell and Hedrick, that 
place, remaining with them until August, 1900, during which time 
was connected with the design and construction the Kansas City 
Viaduct. 

From September December, 1900, was again with Mr. Worces- 
ter, assisting the design the steelwork for the Boston Elevated 
Railway Company, and from January March, 1901, served with 
Norcross Brothers, Worcester, Mass., Draftsman steel building 
construction. 

April, 1901, went with the American Bridge Company, re- 
maining with until September 15th, 1905. Until August, 1901, 
was Draftsman the Pencoyd Plant. From then until June, 1903, 
was Draftsman and Assistant Engineer, respectively, the Eastern 
Division drafting-room, then located Pencoyd, Pa., and the 
Eastern Division estimating-room, also Pencoyd. 1903, 
the middle September, 1905, was employed Assistant En- 
gineer the Erecting Department the Pittsburgh Division. His 
work there was mainly connection with contracts for which the 
Company had sublet the erection others. Among such works may 
mentioned the erection the Louisville and Nashville Shops, 
South Louisville, Ky., and the Norfolk and Western Bridge, Ports- 
mouth, Ohio. The notable qualities his character, which were im- 
pressed his superiors this work, were his absolute honesty, his 
quiet, industrious habits, and his ability thoroughly competent 
field checker detailed drawings, 

From October, 1905, April, 1906, Mr. Janvrin was with Herbert 
Keith, Am. E., Consulting Engineer, New York City, 
designer several heavy steel bridges for the New York, New 
Haven and Hartford Railroad. Here showed keen perception 
the points involved several special problems which were pre- 
sented, and great ability solving them. 

April 2d, 1906, reported for duty Assistant Engineer with 
the Board Water Supply, City New York, and remained its 
service, engaged designs and surveys for and the construction 
the Catskill Water Supply System, until his death. His purpose 
taking this work was due largely desire increase his 
edge branch engineering different from that which had 
been long engaged. During this period, opportunities offered, 
received several promotions rank and pay, the recommenda- 
tions his superiors, for efficient service. Until September, 1906, 
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was assigned the Reservoir Department, general survey work for 
the Ashokan Reservoir, during which period had charge stadia 
party preliminary topographical surveys. was then transferred 
the Designing Division Headquarters Department, and the 
following spring was placed charge the construction and testing 
experimental section reinforced concrete pipe, ft. 
diameter and 210 ft. long. The experiment was made with view 
ascertaining whether this type construction was feasible and de- 
sirable for some the smaller siphons the Catskill Aqueduct where 
the head provided for was not great. The pipe consisted seven 
units, each unit differing from the others the mixture 
concrete, the details etc. Mr. Janvrin gave the 
details this work his earnest and intelligent attention, and his report 
it, and the successful hydrostatic test which followed the con- 
struction, was material assistance the designing force and added 
much the knowledge the subject reinforced concrete pipes. 
December, 1907, was transferred the Northern Aqueduct De- 
partment and assigned its Newburgh Division, Orange and Ulster 
Counties, where assisted locating the cut and cover aqueduct 
that Division miles. When the work was placed under con- 
tract, was first given charge Contract No. 16, section 
aqueduct miles long, and, later, June, 1909, Contract No. 45, 
about miles long. the intensity the work increased, Contract 
No. was divided into two engineering sections, and April Ist, 
1910, Mr. Janvrin was given charge the south section. notable 
feature his section was the building, two places, the large 
concrete aqueduct 500000000 gal. daily capacity heavy foun- 
dation embankment earth, where the surface the ground fell 
below the elevation the aqueduct invert. The larger the two 
embankments was 900 ft. long, and its maximum height, from the 
surface the ground the bottom the aqueduct structure, was 
about ft. the practical completion this section, May 1st, 
1913, was transferred the Designing Division Headquarters 
Department, where remained until his death. this last period 
his work, his thorough grounding the principles stresses and 
strains structures and his complete knowledge steel and concrete 
structures were great assistance establishing methods design 
applicable the many subsurface gate-chambers the City Aqueduct 
tunnel. 

While vacation was stricken with spinal meningitis, from 
the effects which died Boston, Mass., July 1913. 
For nearly years had given his earnest attention the active 
practice his profession, and his death, his forty-second year, 
ended career much promise. 
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friend Mr. Janvrin, who had known him from his: boyhood, 
commenting his ¢haracteristics and ideals, writes: 

“The one thing that stands out his single-mindedness. has 
been lot know man whose life from beginning end was 
perfectly straightforward, whose character was more truly clear 
and clean, whose ideals were more high, but this singleness mind 
stands out the most sharply. There was nothing complex his 
make-up, and seems these days mixed motives the 
characters the best men oftentimes, that such perfect singleness 
mind was remarkable rare. This same singleness extended 
his intellectual processes. His really brilliant mind moved straight 
ahead always, without waywardness. all his social relations, the 
same characteristic predominated. boy was generous, kindly 
companion and helpful son. man was upright and honorable 
with the world large, staunch and loyal his friends, unselfish 
and devoted toward all his family.” 


Another, who became associated with him his work soon after 
his graduation from college, and who formed friendship then which 
lasted long lived, writes him 

man clean habits and high ambitions, excellent ability, 
strictly honest and honorable ail his dealings, and true his 
friends.” 

Those who knew Mr. Janvrin well recognize these traits, and will 
endorse the tributes his character paid these friends. 

was Mason, member Temple Lodge, 299, Kansas City, 
Mo., member the Technology Club New York, and the 
National Society. was interested outdoor sports 


and skilled games. 
was married, June 20th, 1907, Miss Avis Genevieve 


Grimes, Franconia, H., who survives him. 
Mr. Janvrin was elected Junior the American Society Civil 
Engineers, October 5th, 1897; Associate Member June 5th, 


1901; and Member April 4th, 1911. 
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THOMAS HUMRICKHOUSE JOHNSON, Am. E.* 


Diep 1914. 


Thomas Humrickhouse Johnson was born Coshocton, Ohio, 
January 12th, 1841. His parents, William Kerr Johnson and Eliza- 
beth (Humrickhouse) Johnson became residents Coshocton their 
youth, during the first quarter the last century. 

William Kerr Johnson was born Dungannon, County Tyrone, 
Ireland, Scotch-Irish parentage, 1809, and, while yet boy, came 
America with his brothers, residing first Baltimore and moving 
West, 1821, the Village Coshocton. 

Elizabeth Humrickhouse was descendant Prussian family 
which emigrated America from the Duchy Hesse Darmstadt the 
early part the 18th century, settling first Bethlehem and German- 
town, Pa., and Hagerstown, Md. From Hagerstown, Peter Hum- 
rickhouse, the father Elizabeth, moved West, finally settling 
Coshocton. 

Mr. Johnson’s early education was under the tutelage the Rev. 
William Hunt, then pastor the Church, 
under whom was fitted for college. 

1858 entered old Jefferson College, Canonsburg, Pa., and 
after three years was graduated the age twenty years, with the 
degree Bachelor Arts, the class 1861. account his 
unusual proficiency mathematics, the degree Master Arts was 
conferred him 1866 his Alma Mater, and 1911 the degree 
Doctor Science Washington and Jefferson University, the succes- 
sor the former colleges Washington and Jefferson. 

graduation Mr. Johnson entered the employ the Pittsburgh 
and Steubenville Railroad, which his father was director, Rod- 
man; and 1863 became Assistant Engineer the construction 
the Steubenville Bridge over the Ohio River. From 1867 1869 
served Assistant Engineer general work the Pittsburgh, 
Cincinnati and Chicago Railway, from 1869 1871 the construction 
the Chartiers Railway, and 1871 was transferred Richmond, 
Ind., where was engaged the erection the passenger station 
that place until May 31st, 1872. From that date until March 1st, 1873, 
served the Company the general work along its lines, and then 
began the erection the depot Columbus, Ohio. the completion 
this work, 1875, was again transferred Indiana, and through 
out that year was charge construction the Vincennes Engine 
House and Richmond Shops. 

the latter part 1875 severed his connection with the railroad 
and opened office Columbus, Ohio, for architectural work, and 
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thereafter until March, 1883, was engaged Chief Engineer the 
construction the present State Capitol Indianapolis. 

1883 again entered the service the Pittsburgh, Cincinnati, 
Chicago and St. Louis Railway, Principal Assistant Engineer, 
which position occupied until 1896, when, the death 
Becker, Past-President, Am. Soc. E., was appointed the posi- 
tion Chief Engineer the Southwest System. 1901 became 
Consulting Engineer for all Lines West Pittsburgh, position 
which held until January, 1911, when reached the age (70 
years) automatic retirement. 

The services Mr. Johnson were considered valuable the 
management the Pennsylvania Railroad that the positions Chief 
Engineer the Pittsburgh, Chartiers and Youghiogheny Railroad, 
the Chartiers Southern Railway, and Special Consultant for the 
Pennsylvania Lines were created for him. This procedure, which 
without precedent the history the Pennsylvania System, con- 
stitutes striking tribute his capacity and worth. tradition 
among the Pennsylvania men that subject was ever broached him 
which failed elicit information the point and offhand. 

addition his regular duties, his advice and counsel were fre- 
quently sought, and highly valued cases where expert judgment 
was required difficult constructions, and adjustment 
between parties with opposing 

Mr. Johnson found especial enjoyment association, not only 
with his fellow-engineers, but with all men learning, and that 
end invitations membership scientific bodies. 
Besides membership the American Society Civil Engineers, 
was member the American Railway Engineering Association; the 
American Society for the Advancement Science; the American 
Society for Testing Materials; the American Forestry Association, 
and the Engineers Society Western Pennsylvania. was member 
the Rail Committee the American Railway Engineering Asso- 
ciation, the Special Committee Valuation Utilities, 
the American Society Civil Engineers, and the Rail Com- 
mittee the Pennsylvania System. 

several these societies has times been the board 
officers, and has served them committees and delegate 
various congresses. The Engineers Society Western Pennsylvania 
especially indebted him, not only active officer, but 
adviser and mentor times stress, and one ever ready 
the burden unusual activities and grave responsibilities when- 
ever the needs the society called him. 

was valued contributor the publications many the 
associations which was member. the American Society 
Civil Engineers contributed notable paper “On the Strength 
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Columns; Discussing the Experiments which have been Accumu- 
lated, and Proposing New Formulas,”* and discussions the cause 
and prevention decay building stone; formula for the strength 
columns; Progress report Special Committee Steel Columns 
and Struts; railway bridge designing; stresses railway bridges 
curves; and ventilation tunnels. His paper and discussion 
the Strength Columns brought out the famous straight-line formula 
which demonstrated the tangent and rational extension 
Euler’s curve. His discussion the ventilation tunnels was the 
result his translation work the Italian Government 
tunnel ventilation, abstrusely mathematical treatise which Mr. 
Johnson translated with the aid Italian dictionary and grammar 
combination with his extraordinary mathematical ability. 

was years age when translated this work, and when 
one his engineer friends remarked his industry and courage 
undertaking such task, pointed page the work and asked, 
“what constitutes the principal part that The friend an- 
swered, “mathematical expressions.” said Mr. Johnson, 
universal language.” 

1868 Mr. Johnson married Miss Martha Patterson, 
Steubenville, Ohio, who survives him with two daughters, Misses 
Bessie and Margaret Johnson, and one son, William Johnson, 
who attorney law Pittsburgh, Pa. 

man, Mr. Johnson’s notable characteristics were: perfect 
sincerity, single-mindedness, consideration for others, kindliness, 
charity, and constant readiness help others; and his utter un- 
complaining, even the hour death. His vast fund well-ordered 
knowledge was always any one’s command; and the younger men 
went him for advice, counsel, and help freely child 
its father. 

John Henry Newman says: 


“The true gentleman carefully avoids whatever may cause jar 
jolt the minds those with whom all clashing 
opinion collision feeling, all restraint, suspicion, gloom, 
resentment; his great concern being make every one their ease 
and home. has eyes all his company; tender toward 
the bashful, gentle toward the distant, and merciful toward the absurd; 
guards against unreasonable allusions, topics that may irritate; 
seldom prominent conversation and never wearisome. 
makes light favors when does them and seems receiving 
when conferring. never speaks himself except when 
compelled; never defends himself mere retort; has ears 
for slander gossip; scrupulous imputing motives those who 
interfere with him, and interprets everything for the best. 
never mean little his disputes, never takes unfair advantage; 


* Transactions, Am. Soc. C. E., Vol. XV, p. 517. 
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never makes personalities sharp sayings for arguments insinuates 
evil which does not say out. 

“He patient, forbearing, and resigned, philosophical principles; 
submits pain because inevitable; bereavement because 
irreparable, and death because his destiny.” 


Such man was Thomas Johnson. 

Mr. Johnson was elected Member the American Society 
Civil Engineers September 5th, 1877, and served Director dur- 
ing the years 1900, 1901, and 1902. 
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Francis Valentine Toldervy Lee, son Francis Lee, 
Shropshire, England, Officer the Queen’s Own Light Infantry, 
was born Winchester, England, August 28th, 1870. was 
educated the Manchester Grammar School, Manchester, England, 
and the College Communal, Boulogne, France, and, 1897, was 
graduated from Leland Stanford, Jr., University, with the degree 

1887, Mr. Lee went Sherbrooke, Que., Canada, and for three 
years was engaged Private Secretary the Chief Construction 
the Canadian Pacific Railway. 1890 resigned this position 
order supplement with more adequate technical training part 
the education had received abroad. After visit his home 
England, returned New York City, where, 1892, entered 
the employ the Manhattan Electric Light Company, Assistant 
the Superintendent, order test his liking for the work before 
specializing Electrical 

1893 entered Leland Stanford, Jr., University, and there 
met the late Dr. Perrine, then Professor Electrical Engineer- 
ing, which meeting resulted one the great friendships Mr. 
Lee’s life. his Secretary and General Laboratory Assistant, 
came intimately contact with Perrine during his college 
life, and strong was his influence that many Mr. Lee’s old friends 
often remarked the little personal mannerisms which each had ac- 
quired unconsciously from the other. 

Shortly after his graduation 1897, Mr. Lee was appointed As- 
sistant Engineer Mr. John Martin, District Engineer for the 
Coast Department the Stanley Electric Manufacturing 
Company. rose rapidly the service this Company, being 
appointed District Engineer 1898, Manager June, 1899, and, 
1900, addition his position Coast District Manager 
the Stanley Electric Manufacturing Company and many other 
Eastern electrical manufacturers, was made Vice-President and 
General Manager John Martin and Company, Electrical Engineers 
and Contractors. During this period had direct supervision 
the erection many the earlier lighting and power plants which, 
later, were absorbed the Bay Counties Power Company and the 
Pacific Electric Railway Company. 

April, 1906, Mr. Lee severed his connection with John Martin 


and but followed Mr. Martin’s interests into the Pacific 


prepared the Secretary from information supplied Babcock, 
Cons. Elec, Engr., Southern Pacific Co., San Francisco, Cal. 
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Gas and Electric Company, where served successively Assistant 
the President, charge the Engineering and Electrical Depart- 
ments, Chairman the Engineering Committee, well Assist- 
ant General Manager charge and responsible for the construction 
and operation the developments the Company. 

1910, Mr. Lee resigned his position with the Pacific Gas and 
Electric Company, and until few months before his death spent the 
time with his family his old home England and traveling 
the Continent. had returned Victoria, C., Canada, which 
city had intended make his future home, only few months 
before his death. 

September 27th, 1899, was married Edith Bonnallie, 
Sherbrooke, Que., Canada, who, with two daughters, Ruth and 
Margaret, survives him. 

Mr. Lee died before much his work, particularly that the 
last seven years, had time demonstrate its real worth. all his 
business life, his relations with the really big men with whom 
worked brought mutual confidence and personal regard which, 
many cases, amounted real affection. For the others, those less 
caliber, had good-humored tolerance, although, times, his path 
was made exceedingly rough. 

His absolute faith the kindliness human nature was wonder- 
ful, for had many rebuffs. They never embittered him, however, 
and refused believe any harm evil any one until had 
absolute proof it. Many times was heard say say,’ 
liar,” and lived this saying. Those who came intimately 
contact with him knew the absolute integrity, the uprightness, and 
the sweet disposition the man, and are thankful for their memory 
him. 

Mr. Lee’s personal tastes were simple. The fine arts, which 
had cultured enjoyment, appealed him strongly. His reading 
covered wide range, and, having leisure, enjoyed his fine reference 
library the full. list the works therein index his 
versatility, and revelation even his intimate friends. 

the time his death, was Member the American Society 
Mechanical Engineers, the Institution Electrical Engineers, the 
American Institute Electrical Engineers, the American Gas In- 
stitute, and the American Electrochemical Society. was also 
Member Occidental Lodge, M., California Chapter, 
M., and Golden Gate Commandery, T., all San Francisco. 

Mr. Lee was elected Member the American Society Civil 
Engineers February 1st, 1910. 
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Diep 1914. 


David Neilson Melvin was born Glasgow, Scotland, July 
was the son David Melvin, Paisley, Scotland, suc- 
cessful card manufacturer Oxford, England, and also notable 
figure the temperance movement Great Britain. 

David Neilson Melvin received his early education the Ander- 
sonian Institute Glasgow, and, 1855, was apprenticed the firm 
Crawhall and Campbell, Engineers, study drafting and work 
through the shops. 

1861, the completion his apprenticeship, Mr. Melvin was 
employed Draftsman and Mechanical Engineer several firms 
Glasgow and vicinity, particularly Blake, Barclay and Company, 
for which company designed and superintended the construction 
machinery and fireproof buildings, for some the largest sugar- 
refining mills Great Britain. also designed the machinery and 
buildings for sugar mills the West Indies. 

July, 1863, purchased interest paper mill near Oxford, 
England, which operated until the abolition the British tariff 
paper made the business unprofitable. 1865, went Bir- 
mingham, England, Assistant Mr. Henry Lea, Civil Engineer, re- 
maining that position until April, 1867, when came the United 
States. Shortly after his arrival Mr. Melvin obtained patent for 
improved sectional safety steam boiler, and, later, for automatic 
furnace door, and also for high-pressure engine. was also asso- 
ciated with Mr. Weston, the inventor the differential chain 

Later, was employed Engineer and Superintendent the 
Rodgers Manufacturing Company, Muskegon, Mich., and 
Bartlett and Company, East Saginaw, Mich., the production 
wood-working machinery and the manufacture steam engines. 
also superintended the erection some the largest lumber 
mills the Michigan lumber regions. 

February, 1873, The American Linoleum Manufacturing Com- 
pany was organized, and Mr. Melvin was appointed its Engineer. 
With Mr. Frederick Walton, the inventor linoleum, designed 
and superintended the erection the machinery and buildings 
the Company’s large plant Linoleumville, Staten Island, New 
York. the completion this work, succeeded Mr. Walton 
Superintendent. 
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1888, Mr. Melvin invented and patented for man- 
ufacturing inlaid linoleum, and about 1900, brought out patent 
for wood inlaid. These goods are now being manufactured exclusively 
under his patents. retained his position Superintendent until 
his death, which occurred Miami, Fla., January 27th, 1914, 
after lingering illness. 

Mr. Melvin was one the original members, and Life Member, 
the American Society Mechanical Engineers. was also 
Member the Richmond County Automobile Society. 

David Neilson Melvin was elected Member the American 
Society Civil Engineers, July 3d, 1878. 


Railroad, extending from Fairport Youngstown. Chief Engineer, 
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BENJAMIN FRANKLIN MORSE, Am. Soc. E.* 
Diep 17TH, 1914. 


Benjamin Franklin Morse was born June 7th, 1829, South 
Kirtland, Geauga County, now Lake County, Ohio, and 1836 be- 
came resident Painesville, the same county. During his resi- 
dence Painesville, attended the common schools and afterward 
the Painesville Academy; later, studied mathematics and civil engi- 
neering with General Paine, graduate West Point, who had 
retired from the United States Army. 

Mr. Morse was identified with much the pioneer railroad build- 
ing Northern Ohio, the capacity Assistant Engineer, which 
connection represented the Lake Shore Railroad, aiding the con- 
struction the line between Cleveland and Erie, Pa., 1851 and 
1852. 

1853, was Assistant Engineer, under Major Potter, the 
harbors Fairport, Ashtabula, and Conneaut, Ohio. During the sea- 
son 1854 was First Assistant, under Captain Howard Stansbury, 
Engineer, the examination the harbors Lake Erie west 
Cleveland, namely Lorain, Vermilion, Huron, Sandusky, and Mon- 
roe, Mich. 

First Assistant Engineer, Mr. Morse had charge line from 
Tiffin, Ohio, Fort Wayne, Ind., now part the Nickel Plate System. 
During 1855 was Assistant Engineer charge survey for The 
Cleveland and Mahoning Railroad, from Youngstown, Ohio, New 
Castle, Pa., and from 1857 until 1862, was First Assistant, under 
Mr. Charles Collins, the Engineering Department the Lake Shore 
Railroad, between Cleveland and Erie, Pa. 

1862 the four railroad companies, the Cleveland and Columbus, 
the Cleveland, Painesville, and Ashtabula, the Cleveland and Toledo, 
and the Cleveland and Pittsburg, proposed through their Presidents 
build the present Union Station Cleveland. The Presidents con- 
stituted the Building Committee, with Mr. Amasa Stone, the Lake 
Shore, Chairman, and appointed Mr. Morse his Engineer. 
The latter drew the plans for the station, and they were approved 
Mr. Stone. They included what was probably that time one the 
largest train-sheds the United States. Mr. Morse superintended the 
building the Union Station, completing the work 1865. 

1868, Chief Engineer, surveyed the line from Chardon 
Youngstown, Ohio, which now branch the Baltimore and Ohio 
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also made preliminary survey for railroad from Cleveland 
Sharon, Pa. 

Mr. Morse afterward became interested the erection many 
the public buildings Cleveland and superintended their construction. 
superintended the construction the City Work House and drew 
plans and superintended rebuilding the Newburg State Hospital, 
which was destroyed fire 1872. 

April, 1875, Mr. Morse was appointed City Engineer Cleve- 
land, which capacity served for years. remodeled the 
plans and completed the Superior Street Viaduct, which was opened 
1878. While acting City Engineer, estimated and reported 
several high-level bridges, and one the plans advocated, the 
Central Viaduct, was adopted and developed. 

also first suggested and planned for the intercepting sewer for 
the City Cleveland. was appointed the Building Committee 
superintend the construction the Society for Savings Building, 
but before active work was begun, engaged with the Lake Shore 
and Michigan Southern Railroad Company look after the building 
and rebuilding its stations Toledo and Chicago. 

1890, under the new Building Code, Mr. Morse was appointed 
Building Inspector, and served that capacity for years. After 
retiring from this office spent some time travel, and laid aside 
active business except for occasional consultation work engineering 
lines. 

September 19th, 1913, Mr. Morse was seriously injured 
automobile accident, from the effects which died February 
17th, 1914, the Battle Creek Sanitarium where had gone for 
treatment. 

1855, Mr. Morse was united marriage Matilda Craft, 
Tiffin, Ohio. survived three sons and one daughter. 

was Royal Arch Mason, and for many years belonged the 
old Board Trade, and also the Chamber Commerce, Cleve- 
land. 

Mr. Morse was one the oldest members the American Society 
Civil Engineers, having been elected Member July 12th, 1877. 
was Charter Member the Civil Engineers Club Cleveland, 
now the Cleveland Engineering Society. 
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GEORGE ALFRED NELSON, Am. Soe. E.* 


George Alfred Nelson, the son George and Abigail Marion 
Bigelow Nelson, was born Lincoln, Mass., September 20th, 1852. 
attended the Lexington District schools and the Lincoln High 
School and was graduated from the latter 1872. 1873, entered 
the Massachusetts Institute Technology from which was gradu- 
ated Civil Engineering 1877. During summer vacation, from 
June September, 1875, served Rodman the survey and con- 
struction the Boston, Concord and Montreal Railroad, and 
Assistant the office the City Engineer, Concord, 

After his graduation from the Massachusetts Institute Tech- 
nology, Mr. Nelson spent two years his home Lincoln, and was 
engaged surveying and various engineering works that vicinity. 
1879, went Lawrence, Mass., where was employed sketch 
maker the Designing Department the Pacific Mills. remained 
this position until August, 1883, when resigned become 
sistant Engineer the office the City Engineer Lowell, Mass., 
which position held until his death. 

Assistant Engineer, Mr. Nelson had charge the design and 
construction several bridges Lowell, one which 
Taylor Stone Arch Bridge across the Concord River, the location 
which involved difficult foundations, and its completion 
showed the thought and skill devoted its design. also had charge 
complete survey the city for assessors’ maps; all water-works 
improvements; the extension the sewerage system into new territory; 
and the design and estimates for the abolition grade crossings 
within the city limits. 

Mr. Nelson was man strong character and his personality and 
keen mind impressed all with whom came contact. had never 
been very strong physically, and his constant and close attention 
the details his work affected his health that was forced 
seek rest frequent intervals. His death occurred June 3d, 1913, 
after illness few months. Mr. Nelson had never married. 
survived sister and two brothers. 

had always shown much cleverness with his pencil and crayon, 
and was expert photographer. had shown his photographs 
various exhibitions the United States, receiving many medals for his 
work. With few others, was selected represent the 
United States international exhibition Berlin, Germany, where 
his photographs won for him silver medal. 
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Mr. Nelson was'an active member the Eliot Congregational 
Church Society, Lowell, and for many years was President the 
John Eliot Literary Society, contributing greatly the success 
its work his active energy and personality. was member 
Alumni Association the Massachusetts Institute Technology, 
the Technology Club the Valley, which was 
active president for several years, and the Association the Class 
member the Boston Society Civil Engineers, having designed 
the pin which was adopted that Society. was devoted outdoor 
sports and took active part the snowshoe trips the Appalachian 
Mountain Club, which was member. was also member 
the Vesper Country Club, Lowell, and expert golfer. 

George Alfred Nelson was elected Member the American 
Society Engineers April 4th, 1911. 


1888 MEMOIR PETER ALEXANDER PETERSON 


PETER ALEXANDER PETERSON, Am. Soe. 


Diep 21st, 1913. 


Peter Alexander Peterson was born Niagara Falls, Ont., Canada, 
November 8th, 1839. July, 1859, after thorough education, 
was articled pupil Surveying Thomas Keefer, Past-Presi- 
dent, Am. E., who, that time, was Chief Engineer the 
Hamilton Water-Works and the Hamilton and Port Dover Railway. 
For two years, Mr. Peterson was engaged these works, with head- 
quarters Hamilton, and from 1861 1863, survey for canal 
from Georgian Bay Toronto, being stationed the latter place. 
July, 1863, obtained license Ontario Land Surveyor, and dur- 
ing the next two years was employed various engineering works 
under Mr. Keefer. 

May, 1865, Mr. Peterson left Mr. Keefer’s employ engage 
the private practice engineering, and during 1865 and 1866, had 
charge the reconstruction three large dams the Grand River, 
replace those which had been away floods caused ice 
jams. 

the summer 1867 made surveys, plans, and estimates for 
the Petrolia Branch the Great Western Railway, and, the autumn 
the same year, was appointed Resident Engineer the Northern 
Division the New York and Oswego Midland Railway. March, 
1868, was appointed Resident Engineer the Bathurst Division 
the Intercolonial Railway, New Brunswick, which was then being 
constructed. 

Mr. Peterson remained with the Intercolonial Railway until Sep- 
tember, 1872, when resigned accept the position Chief Engineer 
the Toronto Water-Works, the construction which, was esti- 
mated, would cost and included filtering basin 3000 ft. 
long, 10000 ft. from basin pumping well (4500 ft. 
which was 36-in. flexible pipe laid across Toronto Harbor), pumping 
engines, reservoir, and more than 100 miles distribution pipes. 

1875, Mr. Peterson was appointed the Government 
Chief Engineer the Montreal and Ottawa Section the Quebec, 
Montreal, Ottawa and Occidental Railway, which, except for that por- 
tion between Terrebonne and Montreal, had been constructed between 
Quebee and Ottawa. The location the unconstructed portion was 
under discussion and Mr. Peterson strongly urged the adoption the 
direct line from point near Berthier Montreal via Bout 
including large bridge the latter place. July, 1878, however, 
the late Mr. Walter Shanly made report the Government Quebec 
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which advocated the line finally adopted, namely, via Terrebonne, 
St. Paul, and St. Martin’s Junction, with two large bridges 
and two long, heavy grades and down from Mile End. Mr. Peter- 
son’s route was afterward adopted the Canadian Northern Quebec 
Railway. 

engineer, Mr. Peterson excelled the location and building 
the substructures bridges, and Chief Engineer the Montreal 
and Ottawa Section the Quebec, Montreal, Ottawa and Occidental 
Railway, had charge the construction the Chaudiére Bridge 
between Hull and Ottawa, having one span 254 ft., one 160 ft., ten 
150 ft., and one 135 ft., and several other bridges over the 
Rouge, North Nation, Lievres, and Gatineau Rivers. 

1881, was appointed Chief Engineer the Atlantic and North 
West Railway Company, under the charter which the Canadian 
Pacific Railway Company built the line from Mile End Station, near 
Montreal, connect with the International Railway Canada 
Lennoxville. the same time, but under another charter, this road 
was extended from the International Boundary, near Megantic, 
Mattawamkeag, Me. While this position, Mr. Peterson superin- 
tended: the construction the St. Lawrence Bridge Caughnawaga, 
this line, the piers which, with the necessary lengthening, were 
strong enough carry the heavy double-track steelwork which, 
strange coincidence, was completed only month before his death. 
this line were also several large steel bridges and trestles, including 
the bridge over the Richelieu River and high trestles Ship Pond 
and Wilson Stream. 

Mr. Peterson was also Chief Engineer the Sault Ste. Marie 
Bridge and the Mission River Bridge, British Columbia, and 
many other important works. 

1890, was appointed Chief Engineer the Canadian Pacific 
Railway Company, which position held until February, 1902, when 
was obliged resign account ill health. then became the 
Consulting Engineer the Company. 

August, 1903, was appointed Chief Engineer the Guelph 
and Goderich Railway then being constructed the Canadian Pacific 
Railway Company, and held that position until 1908 when was 
obliged retire from active work owing his failing health. 
made his home Montreal, Que., Canada, where died November 
1913. 

was Member the Institution Civil Engineers 
Great Britain December 1874. was also Charter Member 
the Canadian Society Civil Engineers, and served Vice-Presi- 
dent 1889, 1892, and 1893, and President 1894. 

Mr. Peterson had taken leading part railway construction 
Canada during the latter part the nineteenth century. was 
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most regard the performance his engineering 
work, and strict, but fair, his dealings with others. was very 
kind-hearted, and always willing aid any his staff, although 
required from them attention their work and whole-hearted 
discharge their duty their employers. Being rather nervous 
disposition, was, first, sometimes thought slightly abrupt 
manner, but his unvarying courtesy soon removed that impression. 
Peter Alexander Peterson was elected Member the American 
Society Civil Engineers January 5th, 1876. served 
Director 1892 and and Vice-President 1896 and 1897. 
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GEORGE BROWNE Am. E.* 


Diep 28TH, 1913. 


George Browne Post, the son Joel and Abby Post, was 
born New York City, December 15th, 1837. was educated 
Churchill’s Military School Sing Sing, Y., and the Scientific 
School New York University, from which was graduated Civil 
Engineer with the Class 1858. 

After his graduation, and during 1858, 1859, and 1860, studied 
Architecture with the late Richard Hunt. the latter year 
formed partnership with fellow-student, Mr. Charles Gambrill, 
for the practice Architecture. 

During the Civil War, Mr. Post served the Army for months 
1862 and for months 1863, Captain the Twenty-second 
Regiment, New York Volunteers. the first battle Fredericks- 
burg, acted Volunteer Aide the staff General Burnside, 
commanding the Army the Potomac. Mr. Post was promoted 
the rank Major, Lieutenant-Colonel, and then Colonel the Twenty- 
second Regiment. 

After the War resumed his professional career, and his partner- 
ship with Mr. Gambrill was dissolved. 1905, with his sons, William 
and Otis Post, formed the firm George Post and Sons. 

Among the buildings designed Mr. Post. during his long career, 
are the Prudential Life Insurance and the Mutual Benefit Life In- 
surance Buildings Newark, J.; the Wisconsin State Capitol; the 
Cleveland Trust Company Building, Cleveland, Ohio; and the Manu- 
facturers’ Liberal Arts Buildings the Chicago Exposition 1893. 
New York City, designed the buildings for the College the 
City New York; the New York Produce Exchange; the New Stoek 
Exchange; the and the Western. Union Building, 
Dey Street. also designed the Equitable Life Assurance Society 
Building, and several well-known private 

Post was Member Architectural League New York, 
and served President from 1893 1897, inclusive. was elected 
Honorary in.1912. was Fellow the American 
Institute Architects, which body was 1896 
inclusive. was member the New York Chapter 
the American Institute Architects, and President 1904; the 
Fine Arts Federation New. York, and President 1898... was 
Charter Member the National and President 
1905. was member the Municipal Art Society, and served 
Director from 1901 1909. was member the Council 
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the National Sculpture 1904. was also Member the 
National Institute Arts and Letters, the American Academy 
Arts and Letters, the Province Quebec Association Architects, 
New York Academy Sciences, American Geographical Society, 
National Society Craftsmen, Public Art League, 
Society America, National Geographical Society, and the Metro- 
politan Museum Art. 1907, was appointed Honorary 
sponding Member the Royal Institute British Architects. 
was elected Associate the National Academy Design 1907 
and Academician 1908. 

1901, Mr. Post was decorated Chevalier Legion d’Hon- 
neur France. 1908 received the honorary degree Doctor 
Laws from Columbia University, and 1910, was awarded the 
Gold Medal the American Institute Architects. 

When the Tenement House Commission, known the Gilder Com- 
mission, was appointed the New York State Legislature, was 
made member, and, 1902, was appointed member the Board 
Commissions the St. Louis Exposition the Governor New 
York. 

Mr. Post was appointed, the Secretary State, delegate 
represent American Architects large the World’s Congress 
Architects held London, and, 1906, the Secretary Agricul- 
ture appointed him collaborator the Forest Service the United 
States Department Agriculture. 1906, President Roosevelt made 
him member the National Advisory Board Fuels and Struc- 
tural Materials, which Board was reappointed 1907, 1908, and 
1909. 1909, was appointed member the Bureau Fine Arts 
President Roosevelt. 

was appointed member the Committee Patronage the 
Eighth International Congress Architects 1907, and 1908 
Member the Permanent Committee. 

was member the Expert Committee appoint sculptor 
and select design for the Lafayette Monument erected the court- 
yard the Louvre Paris. 

1868, Mr. Post ‘was married Miss Alice Stone, daughter 
William Stone. 

was member the New York Chamber Commerce, the New 
Jersey State Chamber Commerce, Century Association, Union Club, 
Cosmos Club Washington, C., Lawyers’ Club (Charter Member), 
and the New York Farmers Club. 

Mr. Post was elected Member the American Society Civil 
Engineers September 2d, 1896. 
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WILLIAM NAPIER RADENHURST, Am. E.* 


1913. 


William Napier Radenhurst, the son John and Mary Radenhurst, 
was born Toronto, Ont., Canada, November 5th, 1838. at- 
tended the Rensselaer Institute during 1854, and 
and pursued studies Civil Engineering. young man, Mr. 
Radenhurst was employed the Grand Trunk Railway, and later 
traveled New Zealand and New South Wales. 

was appointed Draftsman the Department Docks, New 
York City, the late Gen. George McClellan, and served that 
capacity, and Surveyor and Inspector, until resigned January 
1876. was afterward connected with the Western Division 
the New York State Canals, under the State Engineer, Robert 
Van Buren, Am. E., and Division Engineer Evershed. 
During this period made surveys Niagara Falls and vicinity, 
when the State took over the Park Reservation. 

1883, Mr. Radenhurst became Assistant Engineer, under the 
late Nelson Tubbs, Am. Soc. E., Chief Engineer, the 
Executive Board the City Rochester, Y., and retained that 
office under Emil Kuichling, Am. Soe. 

was appointed Water-Works Assistant Engineer 
1st, 1900, under the City Engineer, Edwin Fisher, 
E., which position retained for eight years, when was ap- 
pointed Assistant Engineer charge Permits and Subways. 
retired from active professional work January Ist, 1910. 

was married 1867 Frances Hawksley, Toronto, Ont., 
Canada, who survives him. 

Mr. Radenhurst was man artistic tastes and had wide 
acquaintance with literature. Although retiring disposition, 
had many warm friends. was fond children, and, having none 
his own, and his wife reared and cared for number from 
childhood maturity. 

Mr. Radenhurst was elected Junior the American Society 
Civil Engineers July 7th, 1875, and Member July 7th, 1880. 
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CHARLES WALKER RAYMOND, Am. 


Charles Walker Raymond was born Conn., 
January 14th, 1842, and was the second son the Reverend 
Robert Mary (Pratt) Raymond. child- 
hood his parents removed Syracuse, Y., where 
cated the schools and High School until 1857 when, his father 
becoming Professor the English Language and Literature in. the 
newly established Collegiate and Polytechnic Institute Brooklyn, 
Y., the family moved that city, and entered that institution, 
child, he. had been intensely interested literature, but back- 
ward and awkward mathematics. the Polytechnic came under 
the influence Professor Richard Smith, retired officer the 
Engineer Corps (afterward President Girard College), who was 
Professor Mathematics; and, the surprise his family, began 
distinguish himself that study. The strangest feature this 
change was that developed, under the inspiring touch his bril- 
liant teacher, not previously unsuspected genius for 
but high ambition conquer persistent work the field which 
difficult. was hard work every step that acquired 
thorough knowledge which placed him the head his class, and 
led Professor Smith urge that should seek appointment 
cadet the United States Military Academy, account his 
unusual mathematical ability. these days, when the fashion 
educate boys mainly the lines which they show the earliest 
bent, this instance training directions not congenial sugges- 
tive. hear much about the subsequent failures those who took the 
highest rank school; but when that distinction won, not through 
the easy superiority genius, but intense devotion distasteful 
work, the man who wins likely keep always. This, least, 
was the keynote General Raymond’s career, and the secret his 
remarkable record unbroken success through more than forty years 
professional service. 

Graduated from the Polytechnic 1860, was appointed 1861 
the Military Academy, where stood the head his class for 
four years. his graduation, 1865, was immediately assigned 
the Corps Engineers with the full rank First Lieutenant— 
skipping the rank Second Lieutenant altogether. his “furlough 
(1863), had spent his leave absence officer the 
staff Major-General Couch, special appointment the Secretary 
War. General Couch commanded the Department the Susque- 
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hanna, and Lieutenant Raymond’s service with him June and July 
covered the and Battle Gettysburg. 

From October 1st, 1865, September 17th, 1866, was Assistant 
the Special Board Engineers for improving the fortifications near 
Boston, Mass. was then transferred the Pacific Coast, where 
for brief period Assistant Engineer the construction 
the defences Alcatraz Island, San Harbor, and then 
became Recorder the Board Engineers for the Pacific Coast. 
This position held from December 28th, 1866, March 3d, 1869, 
during which period was promoted (March 1st, 1867) Captain 
the Corps Engineers, and also conducted important operations 
Lime Point, San Francisco Harbor, where was Assistant’ Engineer 
for two periods—April 24th July 1868, and November 5th, 
1868, March 3d, 1869. The work Lime Point involved the 
removal large masses rock heavy blasts. The interval 
between the two periods named was occupied with the reconstruction 
Fort Stevens, the mouth the Columbia River, Oregon. 

1869, after the purchase Alaska the United States, the 
American Fur Company, which had succeeded the business the 
Russian Fur Company, sent small party the Yukon River far 
Fort Yukon, post the Hudson Bay Company, investigate the 
fur trade the upper river and decide whether establish Ameri- 
station there. Captain Raymond was ordered the Commanding 
General the Department the Pacific accompany this party, for 
the purpose making reconnoissance the lower Yukon, and 
determining astronomically the position the meridian which con- 
stitutes the Eastern Boundary that part Alaska. Accompanied 
one assistant and furnished with astronomical field outfit, 
joined the traders’ party, which left San April 6th, 1869, 
sailing brig, carrying deck small steam pinnace, and bound 
for Sitka, which point his party was one private 
soldier detailed for this service. Leaving Sitka May 9th, the 
expedition, after many delays, reached the mouth the Yukon, 
launched the little steamer, and proceeded the river Fort 
Yukon, distance of, perhaps, 1000 miles. During this trip; Captain 
Raymond and his assistant, relieving each other day and night, made 
reconnoissance from which afterward prepared the map the 
lower Yukon which accompanied his official report which was 
undoubtedly the best which had appeared time. Arriving 
Fort Yukon July 31st, 1869, the party soon ascertained 
that the fur trade that region was not large enough warrant the 
establishment American agency; the freezing the 
northern tributaries the river was already threatening make too 
shallow for their steamer, they resolved return once, leaving 
Captain Raymond and his two companions finish the astronomical 
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work and make their way the coast themselves, but promising 
hold the brig for them the mouth the river until certain date. 
Establishing field observatory, and observing the solar eclipse 
August 7th, Captain Raymond determined the meridian boundary, 
proved that the British post was American territory, and raised the 
American flag over it. (The post was immediately removed the other 
side the meridian.) 

Leaving Fort Yukon August 28th, his little party descended the 
river rude boat constructed themselves—the Indians refusing 
venture the voyage their canoes that season. This vessel con- 
veyed them precariously far Anvik (about 500 miles from Fort 
Yukon and 500 miles from the went pieces. The 
remainder the journey was characterized hardship, exposure, and 
even starvation; and the explorers, exhausted and emaciated, reached 
the appointed rendezvous just the brig was hoisting sail for San 
Francisco.* 

From January 7th, 1870, June 16th, 1871, was Secretary 
the Board Engineers for Fortifications, the United 
States; and from the latter date August 23d, 1872, commanded 
the Engineer Company Willets Point, August 28th, 1872, 
became Principal Assistant Professor Natural and Experimental 
Philosophy the Military Academy, and filled this position until 
February 27th, 1874, and again from August 31st, 1875, July 1st, 
1878—the interval being spent special service command the 
Expedition Northern Tasmania observe the transit 
Venus. From August 28th, 1878, August 27th, 1881, was Instruc- 
tor Practical Military Engineering, Signaling and Telegraphy, and 
during part that period served also Superintending Engineer 
Construction the West Point Water-works, the Cadet Hospital, 
and the Cadet Barracks Extension. the various positions men- 
tioned, Captain Raymond spent more than seven years actual 
service the Academy. 

During this period, published essay Terrestrial Magnetism, 
which added his already established reputation mathematician 
and physicist. 

August 30th, 1881, January 13th, 1883, commanded 
the Engineer Company Willets Point. January, 1883, was 
placed charge river and harbor improvements, surveys, and coast 
defences Massachusetts, and retained this position until February, 
following condensed catalogue his duties, compiled from 
the Annual Reports the Chief Engineers, will give some notion 
their extent and variety: The protection and improvement Bos- 
ton Harbor, which established practicable 28-ft. channel 


* Captain Raymond's official report, published as Senate Executive Document No. 12. 
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the ocean; operations similar character the Harbors Newbury- 
port, Scituate, Plymouth, Provincetown, Lynn, etc., and Sandy Bay; 
studies and improvements the Merrimac and Malden Rivers, and 
numerous other preliminary examinations, surveys, and projects. The 
most important these works, from engineering standpoint, was 
the improvement Newburyport Harbor, the mouth the Mer- 
rimac, where Captain Raymond, through modifications plan and 
method, secured, not only increase channel depth the bar 
from 18.5 ft., but saving expense over the original scheme, 
which contemplated only 17-ft. channel. His report Sandy Bar 
(1884) brilliant and novel discussion the cross-section 
breakwater, and the anchorage capacity harbor, which con- 
tributed new ideas engineering literature. February 20th, 1883, 
was promoted Major the Corps Engineers. 

During his term Boston, served also for the greater part 
1883 and 1885 Engineer the First and Second Lighthouse Dis- 
tricts (covering the Coast Massachusetts and Maine); and from 
October, 1883, April, 1884, superintended the removal 
wreck from Gloucester Harbor. 

February, 1886, was ordered take charge levees and 
other improvements the Mississippi River, from Warrenton its 
delta, and from that position was called, December 7th, 1886, 
Washington, C., Assistant the Chief Engineers. This 
office (which often made him temporarily Acting Chief the Corps), 
retained until January 26th, 1888, when was appointed Engineer 
Commissioner the District Columbia—one the three Commis- 
sioners constituting the government the served until 
February 1st, 1890, dealing, among other works municipal engineer- 
ing, with the difficult problem electrical subways, concerning which 
his official report furnished valuable theoretical and practical dis- 
cussion. 

From February 13th, 1890, September 30th, 1902, was (with 
the exception two months the latter year) continuously charge 
the defenses, harbor improvements, etc., Philadelphia and Del- 
aware River and Bay. This work included the completion, novel 
plan and method designed Major Raymond; and with great 
saving both time and cost, the now famous Delaware Break- 
water which, disproving all the sinister prophecies its early critics, 
stands unmoved after ten years practical trial, monument his 
courage and originality engineer.* 

* This work is described in the “ Final Report of Lt.-Col. Charlies W. Raymond, Corps of 
Engineers, Upon the Improvement Delaware Breakwater,” Reports the Chief 
Engineers, U.S. Army, 1899, Part II, p. 1846 7. It is a significant circumstance that when 
Major Raymond took charge it, 1891, plan had been already approved, 1890, the 
Board Engineers, which was expected carry that, order put his 
own conception into effect. had move that Board recede from its own recently 


adopted scheme and adopt new comprising features not supported engineering 
precedents. 
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The following sketch his work the Philadelphia District 
compiled from the Annual Reports the Chief Engineers, from 
1890 1902, inclusive, 

For the first eight years his tour duty, the for the 
Delaware River Philadelphia provided for depth ft. 
mean low water, and from Philadelphia Trenton for depth 
ft. the upper river Philadelphia the principal obstruction 
the 12-ft. channel was Kinkora Bar. this point dike had been 
built before took charge. The natural depth was 7.5 ft. suc- 
obtaining greater depths, but the work done was not per- 
manent effect. 

During these eight years made annual examinations the 
shoals the river Smith’s Island Bar, Mifflin Bar, Schooner Ledge, 
Five Mile Bar, Bulkhead Shoal, Cherry Island Flats, Dan Baker 
Shoal, and other places. most the shoals and bars obtained 
the projected depth ft. 

Five Mile Bar just above Philadelphia. was improved 
dike and dredging. Smith’s Island was completely removed 
dredging. Petty Island was partly removed. rock were 
removed blasting and dredging. Mifflin Bar was improved dike 
construction and dredging. Schooner Ledge was deepened rock 
removal. Cherry Island Flats was deepened dredging. Bulkhead 
Shoal was deepened the construction Finn’s Point dike. Dan 
Baker Shoal was originally planned deepened long dike 
from Reedy Island Liston’s Point, but this plan was later aban- 
doned reason decrease the cost dredging, and the channel 
was deepened dredging alone. 

1898 the condition the river was good except few points. 
Dan Baker Shoal the least depth was 16.5 ft. low tide. that 
year, survey was made for the purpose determining the possibility 
still greater improvement, and the basis this survey Board 
Officers recommended project for channel from Philadelphia 
Delaware Bay, ft..deep and 600 ft. wide. Major Raymond started 
this improvement, deepening the channel ft. rapidly funds 
were made available. the Delaware River silt-bearing stream 
which tends obliterate artificial channels not placed exactly where 
Nature would place them, the improvement involves continual main- 
tenance work. Even ten years after had left the district, the work 
was still progress, and will always continued long the 
river used for commerce. 

One the great problems involved this undertaking consisted 
finding suitable places dispose dredged material. Major Ray- 
mond ‘combined dike for the improvement Dan Baker Shoal with 
plan for disposal basin, making mid-stream artificial island 
about three miles long. The bulkhead was built, and the basin was 
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large that has received dredged material for many years and 
not yet full. This island locally known Raymond Island.* 

May, 1898, became Lieutenant-Colonel, Corps Engineers, 
and May, 1901, member the Board Engineers, which, 
young Captain, had been the Secretary, years before. 
remained member this Board until his retirement from active 
service 1904, 

During this period completed the great work analytical 
index the Reports the Chief Engineers from 1866 1900, 
book, three volumes, model intelligent and 
convenient classification, well comprehensiveness and aceuracy. 

was these later years his life that some his most impor- 
tant work was performed. already observed, served member 
many Boards and Commissions, reporting rivers, 
harbors Among these, the most noteworthy were: The 
Board decide between San Pedro and Santa Monica Bay, for the 
location deep-water harbor the coast California; the Board 
the maximum span for suspension bridge, 
cially for such bridge over the Hudson River New York; and the 


*The following minute of the Executive Council of the Pailadelpuis Board ot 
Trade shows the estimate placed on his work by that body: 

“To the President and Members of the Executive Council of the Board of Trade: 
“GENTLEMEN : 

“Your Committee on the Improvement of the Harbor and Delaware and Schuyl- 
kill Rivers respectfully reports: 

“That it has noted with regret the death of General C. W. Raymond, U. S. A., 
and in view of the services rendered by him to the city of Philadelphia during the 
twelve years he was in charge of this district as ‘Engineer Officer, presents for 
your adoption the following minute: 

“The Executive Council of the Philadelphia Board of Trade récords this minute 
upon the. death of General C, W. Raymond, U. S. A., which took place after a 
lingering illness May 3, 1913. 

“The city of Philadelphia owes a debt of gratitude to General Raymond for his 
intelligent and untiring efforts for the improvement of the navigation of the Dela- 
ware and Schuylkill Rivers and the removal of Smith’s and Windmill Islands, 
which made possible a widened Delaware Avenue, and the building of wharves of 
such dimensions as to accommodate modern vessels. 

“The work on the improvement of the harbor was prosecuted under his direc- 
tion from the time the title to the islands was vested in the United States, under 
condemnation proceedings, May 29, 1890, until the ¢ompletion of the readjust- 
ment of the harbor conditions, January 10, 1898, and during all that time he 
was responsive to every suggestion of the commercial and maritime interests looking 
to the early and. successful termination of the work which has inured so greatly 
to the advantage of the city and port. 

“It was under General Raymond (then Major) that the initial dredging for 
a 30-ft. channel, as provided by Act of Congress, March 3, 1899, took place, and was 
continued until he was relieved from duty at Philadelphia on July 20, 1901. He 
designed and practically carried to completion the great constructions. belonging 
to the National Harbor of Refuge at the entrance of Delaware Bay. 

“General Raymond's, pre-eminent qualifications as an engineer were universally 
acknowledged, and his appointment as Chairman of the Commission to plan and 
construct the tunnel approaches to the New York Terminal of the Pennsylvania 
R, R. Co., was a practical recognition of his high standing in his profession; and 
the success of the undertaking furnished additional proof of his unrivaled technical 
skill and executive ability. 

“The members of the Executive Council in adopting this minute, desire to 
express their high appreciation of the services of incalculable value rendered the 
port of Philadelphia during the twelve years: General Raymond had charge of this 
district, and at the same time to tender his family their sympathy in the loss 
sustained by them, 

“On motion, this minute was adopted by a rising vote and the Secretary 
instructed to send a certified copy to the family of General Raymond.” 
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Board determine the route and cost deep waterway from the 
Great Lakes the Atlantic. 
the two latter, was the President. The report the Bridge 
Board contained analytical discussion the Theory Suspension 
Bridges, mainly prepared him, translation which was subse- 
quently used Europe textbook instruction. The Deep Water- 
ways Board made careful surveys for ship canal from Lake Erie 
deep water the Hudson River, below Albany, and, with the aid 
maps furnished the Engineer Corps the Army for the chan- 
nels above Lake Erie, prepared detailed estimates for the whole line 
from the head lake navigation. The report the Board, which 
was the joint work its members and assistants, was universally 
recognized the most complete and thorough its kind the litera- 
ture engineering. 

January, 1904, became Colonel, Corps Engineers; and 
June 11th the same year, was retired, his own request, with 
the rank Brigadier-General, A., after more than forty years 
consecutive active service. The Government, however, still re- 
quired him one its representatives the International Congress 
Internal Waterways, which was, from 1902 until his death 
jin 1913, member the Council, Chairman the American Section, 
the meetings the Congress, and contributor its 
Proceedings. The latest these meetings was held 1912 the 
United States, and General Raymond would have been its presiding 
officer, had been able present. 

One the most memorable labors his life was the last. Already 
several years before his retirement, had been permitted the War 
Department, the urgent request the Pennsylvania Railroad Com- 
pany, act Chairman the Board Engineers created that 
Company supervise the design and construction the vast im- 
provement contemplated and around New York City, includ- 
ing the tunnels under River, the East River, and the Bor- 
ough Manhattan; the great Pennsylvania Terminal New York; 
and the terminals and yards Long Island and New Jersey. 
General Raymond was not idle member that supreme body; all 
important features the plans and specifications were passed 
the Board, the work whieh gave unremitting attention for 
more than eight years. The many studies and investigations carried 
out him during that period were fruitful determining the final 
design. Among the most important results his special labors was 
the discovery minute diurnal rise and fall the tunnel tube, 
under the influence the tides. His recommendation that the tunnel 
should left free move, without any attachment piles resist 
either rise fall, was adopted the management the Company, and 
has been thus far experience. The great tube now ad- 
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justs itself freely the changes pressure the surround- 
ing it, and its minute but practically irresistible movements not 
affect its stability, which, reason its immense weight, the 
effect passing trains likewise negligible factor. The name 
General Raymond worthily stands the head the list engineers, 
the great memorial tablet ‘at the portal the Pennsylvania Rail- 
road Station Seventh Avenue, New York City. 

These labors were performed under difficulties which might well 
have discouraged less intrepid spirit. General Raymond had lost 
almost entirely, some thirty years before, possibly the result the 
hardships his explorations Alaska, the use one eye; and, 
about 1900, the formation cataract the remaining eye threat- 
ened him with entire blindness. Under this increasing disability 
(which finally reached such that had personally led 
and through the tunnels, and examine drawings only with the 
aid strong glass, magnifying one spot continued 
the active and efficient discharge’ his duty head directing 
Board Engineers until, 1910, its work was' practically done, and 
his office New York was closed. Even after that, his seaside 
cottage near Atlantic Highlands, J., dictated, the request 
the Pennsylvania Railroad Company, and under great difficulties 
ever-growing blindness, report the work his Board, which has 
been published the Company and constitutes memorable contribu- 
tion the literature that branch engineering. 

Meanwhile, many operations (each partly, but not 
decisively, successful) had been performed his eye, which the 
film repeatedly gathered. October, after months 
total blindness, went Washington once for another such 
operation, with more than expectation permanent relief. The 
surgeons Washington, however, discovered another and previously 
unsuspected trouble—an internal malignant tumor which forbade the 
expected operation and was itself beyond cure. There was nothing left 
earth him but hopeless darkness and cruel pain, which bore 
with characteristic fortitude and patience until his death May 
1918. and almost the last moment, crowned 
with heroic death long, active, useful, and distinguished life, grad- 
uating the end, had graduated the Military Academy 
nearly half century before, “at the head his The Alumni 
West Point may well proud his stainless and illustrious record. 

Charles Walker Raymond Member the 
Society Civil Engineers June 1892. 
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Wallace Berkley Riegner, the son of. Aaron and Caroline 
Riegner, was born Strawsburg, ranklin County, Pa., January 
27th, 1854. his early boyhood his parents moved 
where attended the schools, from which, well from 
the Chambersburg Academy, was graduated. afterward entered 
Lafayette College from which was graduated with high honors 
June, 1877. While Lafayette received the Junior Mathematical 
Prize, the Senior Astronomical Prize, and was chosen deliver the 
Honorary Philosophical Oration. represented his College 
the Intercollegiate Mathematical Contest. 

After his graduation, Mr. Riegner taught mechanical drawing 
the public schools Reading, Pa., for about one year. October 
27th, 1879, entered the Engineering Department Schuylkill 
Canal where remained until March when went 
Pottstown, Pa., Assistant Engineer the Philadelphia and Read- 
ing Railroad, remaining this position until August the 
same year. 

then went South and from December, 1880, December, 1881, 
was engaged surveys and construction work, the Elizabeth City 
and Norfolk Railroad. afterward returned the Engineering 
Department the Schuylkill Canal, with headquarters Reading, Pa. 

April, 1882, Mr. Riegner resigned his position with the Schuyl- 
kill Canal. Company enter the employ the Philadelphia and 
Reading Railway Company. From April, 1882, July, 1883, was 
engaged Division Engineer the Shamokin, Sunbury 
burg Division, and from July, April, 1887, Assistant En- 
gineer general field and office work and the design railroad. struc- 
tures the company’s office Philadelphia, Pa. April, 1887, 
was appointed Engineer Bridges, which position held the time 
his death which took place Chambersburg, Pa., January 19th, 

Mr. Riegner was Member the American Society for Testing 
Materials, the Franklin Institute, and the Engineers’ Club Phila- 
delphia. 

was intelligent, energetic, and capable engineer, modest 
degree, with strong grasp details which enabled him prosecute 
his work most successfully. 

Mr. Riegner was Member the American Society 
Civil Engineers September 7th, 1904. 


Memoir prepared William Hunter, Am. Soc. 
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BAIRD SNYDER, Jr., Am. Soe. E.* 


Diep 1913. 


Baird Snyder, Jr., was born Pottsville, Pa., November 
1868. was the third son Baird and Edith Morris Snyder. The 
mother, now deceased, was great-granddaughter Robert Morris, 
distinguished the days the American Revolution and signer 
the Declaration Independence. His father, Baird Snyder, was 
the son George Washington Snyder, one the early pioneers 
the Anthracite Region, and the three generations have been prominent 
the development and progress mining the district. 

his graduation from the Pottsville High School 1885, Mr, 
Snyder entered the service the Pennsylvania Railroad Company 
Clerk the office the Chief Engineer. 

1888 joined the Engineer Corps the Philadelphia and 
Reading Coal and Iron Company, and began the engineering career 
which his friends and associates are justly proud and which broad- 
ened experience and grew accomplishment until his valued life 
was suddenly closed. 

1893, the late Joseph Harris, while President the Lehigh 
Coal and Navigation Company, recognizing Mr. Snyder’s ability, ap- 
pointed him Assistant Superintendent the mining operations that 
Company Lansford, Pa. Three years later was made General 
Manager the Company, and remained this position until Jan- 
uary, 1912. 

The property which came under his management one the 
oldest and best the Anthracite Region. The various adverse con- 
ditions which arise the experience the anthracite mine manager 
were all present during Mr. Snyder’s administration Lansford. The 
many difficulties mining, pumping, ventilation, labor, fighting fire 
under ground, and countless others, were met with patience and self- 
reliance and were successfully overcome. Among Mr. Snyder’s most 
marked qualifications for his position was his ability handle men. 
man had more loyal subordinates aid him, and men ever 
had more intrepid leader. 

After nineteen years active and aggressive work Lansford, 
resigned from his position with substantial expressions confidence 
and regard from his Board Directors and with the heartfelt regret 
his subordinates. 

leaving the Lehigh Coal and Navigation Company, Mr. Snyder, 
President and General Manager, organized the Locust Mountain 
Coal Company, for the purpose operating undeveloped area 


*Memoir prepared by Mr. Frank A. Hill, Gen. Mgr., Maderia, Hill & Co., Inc., Potts- 
ville, Pa. 
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coal land owned the Stephen Girard Estate. went into 
this enterprise with his characteristic fearlessness and vigor. had 
completed his financial and working plans, and was the midst 
their early development with every confidence success, when death 
came. 

had met and conquered the many engineering difficulties that 
had come him his old work, and was looking forward with pleas- 
ure solving the new and less complicated questions which would 
meet him opening undeveloped territory his own selection, but 
July 9th, 1913, from injuries received automobile accident 
the preceding day Wapwallopen, Pa., this strong and virile life, 
filled with the promise many more successful years, was cut off 
“in the twinkling eye”, leaving his family and his many 
friends and professional associates only the memory active and 
well spent life, full achievement; the record honest man, 
good citizen, able engineer—a record creditable the membership 
any engineering society. 

Mr. Snyder was man splendid physique, fine mentality, 
reader, and student. Positive, even brusqueness, without fear, 
and natural leader, was also devoted son, loving husband, and 
kind father. Heissurvived his widow, Jennie Craig Romig Snyder, 
and two sons, Baird Snyder, 3d, and Robert Morris Snyder. 

Mr. Snyder was elected Member the American Society Civil 
Engineers March 2d, 1904. 
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Nathaniel Turner was born Scituate, Mass., March 27th, 
1861, and was educated the schools that place, and 
Bingham Academy. 

Leaving home the age nineteen, Mr. Turner went West and 
began work Rodman the location the Milwaukee, Lake 
Shore and Western Railroad, Wisconsin, 1880. 1881, was 
made Transitman the same work. 

1882, Mr. Turner left the employ the Milwaukee, Lake Shore 
and Western Railroad and went Mexico where was appointed 
Levelman the line the Mexican National Railway then being 
constructed between Laredo and the City Mexico. remained 
with this Company until 1888, having served Transitman, Resident 
Engineer, and Bridge Engineer, respectively. 1884, was em- 
ployed trigonometrical surveys large land areas the State 
Coahuila, Mexico. 

1888, Mr. Turner was appointed Bridge Engineer and 1889 
Engineer the Monterey and Mexican Gulf Railway, then 
building between Monterey and Tampico, under Mr. William 
Wentworth, Chief Engineer. 1890, was made Principal Assist- 
ant Engineer charge construction, remaining that position 
until 1892, when resigned become Chief Engineer the Mate- 
huala Porvenir Railway. also served Locating Engineer 
the Gulf and Pacific Railway. 1893, was appointed Chief En- 
gineer the Monterey and Mexican Gulf Railway, which position 
remained until 1897. 

From 1897 1901, Mr. Turner was engaged the private practice 
engineering. the latter year was appointed Superintendent 
Construction the Monterey Steel Works, plant. 
the completion this work 1904, again returned private 
practice for year, which time went Matehuala, San Luis 
Potosi, General Superintendent the Matehuala Smelter and 
Water-Works. 

account ill-health, Mr. Turner resigned this position 
1908, and retired from active business. owned ranch 
Tamaulipas and oil investments near Tampico, and devoted his time 
these interests, making his home Monterey. died heart 
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disease January 19th, 1914, and was buried the Carmen Cemetery, 
Monterey. 

1885, Mr. Turner was married Elizabeth Luella Donaldson, 
Rock Island, who, with one daughter, him. was 
one the best known and best loved Americans Northern Mexico, 
and had served President the American Colony Monterey. 

Mr. Turner was elected Member the American Society Civil 
Engineers March 6th, 1895. 
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21st, 1913. 


Luther Reese Zollinger, the fifth son William George and Susan- 
nah (Spece) Zollinger, was born April 25th, 1865, Harris- 
burg, Pa. received his early education the schools 
his native city, having been graduated from the High School 1883. 
his early life his most intimate boyhood acquaintance, Dr. 
Phillips, Harrisburg, writes: 


“No member our class High School, where were associated 
for four years, held his classmates the mere strength lovable 
personality did Luther Reese Zollinger. were all devoted 
him because that indescribable something had, which, unfor- 
tunately, uncommon, and made certain sincerity purpose 
and life. was honor man our class High School, easily 
too, and have always felt that was honor man our class 
Lehigh, though true that one two others had few per 
cent. higher standing, according the poor, insufficient ratings which, 
things educational stand, must still taken measure man’s 
mind and ability. all the men whom have known, had, 
always felt, the best mind for mathematical saying this 
course, except few neurotics whose mathematical ability always 
part unstable mental equilibrium.” 


1884, Mr. Zollinger entered Lehigh University, and was gradu- 
ated with the degree Civil Engineer. was President 
his class the Sophomore year, Editor the College and 
Business Manager and Editor the Engineering Journal, and had 
Commencement During his years college never 
ranked lower than fifth, and for the last years ranked second 
class varying from 101 men. 

Mr. Zollinger’s entire professional career was spent the service 
the Pennsylvania Railroad Company, which rose his own 
efforts and merit from the humble post Chainman the position 
trust and responsibility which the time his death. 
Starting the office the Assistant Engineer, Middle Division, 
Harrisburg, Pa., March 11th, 1889, received his first professional 
experience the time the great floods throughout Pennsylvania, 
May and June that year, which proved destructive the 
railroads and other internal improvements various parts the 
State, especially the vicinity Johnstown, and along the Susque- 
hanna, Juniata, and Conemaugh Rivers. 

held successively, and for varying periods from 1889 1905, 
the various positions Transitman the office the Engineer 
Maintenance Way, Pennsylvania Altoona; 
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Assistant Assistant Engineer, Philadelphia Division, West 
Philadelphia; Assistant Supervisor, Division No. Middle Division, 
Pennsylvania Railroad, Spruce Creek; Supervisor, Division No. 
28, Norristown; Supervisor, Division No. Philadelphia Division, 
West Philadelphia; Assistant Principal Assistant Engineer, and 
Principal Assistant Engineer, Pennsylvania Railroad Division, 
Altoona. 

April 1st, 1905, Mr. Zollinger was promoted the position 
Engineer Maintenance Way, General Office, Philadelphia, which 
position held the time his death. this capacity was 
charge and had direct control the Maintenance Way Department, 
far was necessary insure the efficiency the Department 
and adherence the standards the Company. also had charge 
the preparation all maintenance way plans, the issuing 
instructions regard adherence the same, and personally ex- 
amined all bridges and other structures, reporting their condi- 
tion and making recommendations connection therewith, well 
with respect other matters relating maintenance way. 

addition these duties, Mr. Zollinger, 1905-07, was charge 
the construction extensive yards and yard facilities Morris- 
ville the New York Division, and Shire Oaks the Mononga- 
hela Division; was also appointed Chairman various commit- 
tees, the General Manager, make experiments, investigations, 
and reports sundry matters relative the economical construction 
and maintenance track. One these reports,* dated March, 1911, 
covers extended experiments determine the necessary depth 
stone ballast. this report, Cushing, Am. Soc. 
Chief Engineer, Maintenance Way, Pennsylvania Lines West, says: 
“These tests are the most extensive the kind ever conducted 
this country, and will found great interest and value railway 
engineers.” 

Mr. Zollinger traveled extensively, both this country and 
Europe, and his wonderful powers observation, retentive memury, 
quick comprehension, enthusiasm, and capacity for work, made him 
invaluable the company served. example his enthusi- 
asm and wonderful resourcefulness, purchased tract land 
Merion, Pa., which was old, abandoned stable, and with the aid 
his architect transformed into beautiful home the English 
manor type,+ utilizing for the interior finish and decoration the ma- 
terials from old mansion formerly the estate. 

His personality was peculiarly lovable and attractive, and left 
its impress deep all who met him. One felt immediately that 
was man worth knowing, that association only 


Proceedings, American Railway Association, Vol. 13. 
Described the architect House and Garden, December, 1912. 
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strengthened and confirmed. ‘Big body, handsome feature, with 
great magnetism, his winning personality drew all classes men 
him, and held them with hooks steel his genial, broad-minded, 
and tolerant disposition. was nature man essentially social 
tendencies. fine intellectual gifts, broad education, wide acquaint- 
ance with the best literature, discriminating taste the fine arts, 
varied experience with many classes men, observant traveler, 
with retentive memory, great fund and reminiscence, 
and keen sense humor, was always entertaining conversa- 
tion. These qualities, with his loyalty, kindness, generosity, and buoy- 
ance spirits, made him most interesting and delightful companion. 

Full sympathy, was never too busy give time the 
troubles his friends counsel the youth seeking opportunity. 
not often that man who has attained high professional standing 
shows live interest the young man just beginning his life work, 
but Mr. Zollinger was the champion youth, with unbounded 
faith its capabilities and the fulfilment its aspirations. This 
faith exemplified very striking and practical way, for 
took more than one young man into his home, gave them his 
friendship and ‘confidence, inspired them his manliness, educated 
them his own expense, and launched them honorable and use- 
ful careers life. was great satisfaction and source much 
pride him know that each these young men fully justified 
the placed him. 

His genial nature, overflowing with good fellowship, attractive 
his many friends, was carried into his circle and was one 
the finest phases his life, seen his intimate friends. 
never married, and his devotion his sister can only described 
beautiful. Nothing did for her was ever felt sacrifice. 
His happiness was only reached through her happiness. Such affec- 
tion was warmly reciprocated, and his home was made him place 

Mr. Zollinger’s dominant characteristic was courageous and vigor- 
ous manhood. His power mind and body was shown his capacity 
for concentration and the accomplishment work. was quick 
discernment and swift comprehension, and his strength made him 
positive his convictions and strenuous maintaining them. With 
his strong character and self-respect, could never play the courtier, 
and detested receive the flattery would never apply others, 
not even the form studied deference which, times, might have 
gained him personal advantage. 

Enthusiasm regard whatever matter took up, either work 
recreation, was another feature his character, and made him 
natural leader. was lover the beautiful Nature and art. 
Nature all her forms appealed strongly him. Some his happiest 
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hours were spent roaming among the trees the forest the flowers 
his own garden, whose characteristics and history knew well. 
kept touch with the advancement science questions 
the day, and could enjoy intelligently and appreciate intercourse 
with men versed many forms learning. 

Men great professional attainments and mental power are often 
deficient those qualities the heart which make them loved 
well honored, but these qualities Mr. Zollinger possessed un- 
usual degree. had intellectual superiority, and was man 
honorable achievement, but those who knew him well think him 
and love him for his broad-gauged, liberal-minded, vigorous manhood 
and spotless integrity. was chivalric thought and deed, and the 
courteous gentleman always. Honor, truth, and duty were the stars 
which steered his course, and him was embodied the highest type 
manhood. splendid physique, clean and wholesome morals, 
fascinating personality with highly cultivated mind, died the 
prime brilliant achievements. The exquisite charm of. his friend- 
ship can known only those who enjoyed it; them was bene- 
diction, and his death irreparable loss.. generation shall not 
see his like again. 

Mr. Zollinger had complained ill health for several months prior 
his death, though did not relinquish any his work, and had 
just returned from the annual track inspection when was stricken 


with apoplexy, the morning October 16th, and died his home 
Merion, Pa., October 21st, 1913. 

was Member the American Railway Engineering Associa- 
tion and the Delta Upsilon Fraternity. 

Mr. Zollinger was elected Member the American.Society 
Civil Engineers March 6th, 1901. 
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George John Couchot was born Paris, France, August 
1874. October, 1887, came the United States, going 
Oakland, Cal., where attended the High School. 

After course Engineering School, Mr. Couchot, October, 
1892, was engaged the City Engineer San Luis Obispo, Cal., 
transit work. March, 1893, went the Fulton Iron Works, 
San Francisco, Mechanical Draftsman, remaining that posi- 
tion until August, 1894. From April December, 1895, was em- 
ployed the State Harbor Commissioners California, leaving 
with the Western Sugar Refining Company, with which Company 
remained until December, 1896. 

From January April, 1897, Mr. Couchot was employed Drafts- 
man the office Mr. Stut, Mechanical Engineer, and 
was engaged the design and construction the steel frame building 
for the Western Beet Sugar Factory, Watsonville, Cal., until August 
the same year. then entered the service the Fulton Iron 
Works Mechanical Draftsman, which position held until August, 
1898. 

From October, 1898, March, 1900, Mr. Couchot was employed 
Mechanical and Ship-Building Draftsman the Union Works, 
San Francisco, but resigned accept again position with the 
Fulton Iron Works. March, 1901, was appointed 
Engineer the Western Sugar Refining Company, charge the 
design and construction all that Company’s improvements, buildings, 
machinery, ete. 

February, 1905, was employed, the design steel struc- 
tures, Maurice Couchot, Am. E., Consulting Engi- 
neer, with whom remained until June, when was appointed 
Draftsman the office the City Engineer San Francisco. Mr. 
Couchot retained this position until September, 1907, when became 
connected with the firm Couchot and Thurston, Consulting Engi- 
neers, the design structures. August, 1908, returned 
the City Engineer’s office where remained Chief Draftsman and 
Assistant Engineer charge some the sewer design and con- 
struction, until his death May 3d, 1914, after operation for appen- 
dicitis. 

Mr. Couchot was held high esteem all who came contact 
with him. His wife and young son survive him. 

Mr. Couchot was elected Associate Member the American 
Society Civil Engineers, May 3d, 1910. 


Memoir prepared the Sec retary from material file the House, supple- 


1912 MEMOIR PHILIP CHAPIN DAVIS 


PHILIP CHAPIN DAVIS, Assoc. Am. E.* 


Diep Marcu 1914. 


Philip Chapin Davis was born September 14th, 1881, Kala- 
mazoo, Mich., which city obtained his early education. 1906, 
was graduated from the Engineering Department the University 
Michigan, with the degree Bachelor Science Mechanical 
Engineering. September that year, entered the employ 
the Thompson-Starrett Company, General Builders, and was with that 
company several notable engineering problems, both Chicago 
and New York, until August, 1911, when became associated with 
the Jobson-Gifford Company New York, Superintendent Con- 
struction connection with the electrification the New York, New 
Haven and Hartford Railroad, between New York City and New 
Rochelle, and also between Stamford and New Haven. 

October 29th, 1908, Mr. Davis was married Miss Bertha 
Shean, Kalamazoo, Mich., who, with two sons, survives him. Mr. 
Davis died the Neurological Institute, New York City, March 
26th, 1914, following year’s illness from recurring attacks per- 
nicious 

Mr. Davis was member Anchor Lodge, No. 87, and M., 
and member the Sigma Chi Fraternity. was young man 
exceptional ability, and his friends and associates feel deeply their 
loss account his untimely death. 

Mr. Davis was elected Associate Member the American Society 
Civil Engineers June 4th, 1913. 


MEMOIR ALBERTO TORRE 


ALBERTO TORRE, Assoc, Am. Soc. E.* 


Diep 1912. 


Alberto Torre, the son Demetrio Torre and Maria 
Josefa was born Tocaima, Colombia, August 6th, 1876. 
received his elementary education his native country, and 
June, 1889, was sent the United States begin the study Civil 
Engineering Rensselaer Polytechnic Institute. was graduated 
1897, with the degree Civil Engineer, and returned Colombia 
devote himself the practice his profession. 

Mr. Torre was engaged private practice Bogota from 
March, 1897, August, 1898, his work consisting surveying and 
general engineering. September, 1898, was appointed Assistant 
Engineer Maintenance Way the Ferrocarril Sabana, 
but resigned this position December, 1898, and engaged again 
surveying and general engineering practice. 

April, 1899, Mr. Torre accepted the position Assistant 
Engineer the location the Girardot Railway (now the Colombian 
National Railway), and remained this position until the completion 
the location San Joaquin, July, 1899, when was appointed 
Assistant Engineer, under Mr. Nowell, the location the 
Dorada Railway Extension the Port Cambao. 

From October, 1899, April, 1901, was again engaged the 
private practice surveying and architectural work, and from April 
October, 1901, was employed temporarily Engineer Way Works 
the Dorada Railway. 

was employed Assistant Engineer the location and con- 
struction the Girardot Railway from October, 1901, May, 1904, and, 
during this time, also had charge the construction several private 
residences, and made the surveys for cart road private estate. 

From May, 1904, July, 1905, Mr. Torre was engaged 
Engineer and partner the contractor, the construction km. 
the Girardot Railway, and from July December, 1905, was 
employed Assistant Engineer surveys and estimates for the 
reconstruction the Cambao Road. was afterward appointed 
the Government Colombia direct the work the Central Road, 
between the Puente del and Choconté. 1908, again 
entered the employ the Girardot Railway Company, being engaged 
the construction the last sections between and Facata- 
was then appointed Resident Engineer charge the last 
section from Girardot Juntas Apulo, which position held until 
July 1st, 1912. 


*Memoir prepared Mr. Diodoro President the Colombian Society 
Engineers, Bogota. Colombia, supplemented information file the Society House. 


1914 MEMOIR ALBERTO TORRE 


Mr. la. Torre was member the Colombian Society Engi- 
neers, and the following translation part obituary notice 
which appeared the November, 1912, issue the Anales 
Ingenieria, the official organ that Society: 


“His constant labor for dozen years, and his continual battle with 
the inclemencies our tropical climate, destroyed his energy and 
weakened his physique the extent bereaving his country and his 
friends noble young life which had already rendered distinguished 
professional services.” 


Mr. Torre was elected Associate Member the American 
Society Civil Engineers October 3d, 1906. 


MEMOIR MURRAY FORBES 


MURRAY FORBES, Assoc. E.* 


28TH, 1913. 


Murray Forbes was born Philadelphia, Pa., June 23d, 1863. 
His father, Dr. William Forbes, was Professor Surgery Jef- 
ferson Medical His mother Celinere (Sims) Forbes, was 
sister Sims, Secretary the Pennsylvania Railroad Company, 
and Judge Clifford Sims the Superior Court New Jersey. 

Mr. Forbes received his early education Rugby Academy and 
Dr. Farries’ School, Philadelphia, and entered the Art School 
the University Pennsylvania the age fourteen. When 
was 17, entered the Pennsylvania Railroad shops Altoona, Pa., 
where took the regular years’ apprenticeship course. was 
then employed the shops for some months, being afterward trans- 
ferred Derry, Pa., where for years was Assistant Road Fore- 
man Engines the Pittsburgh Division the Pennsylvania Rail- 
road. 

resigned this position 1888 and went Greensburg, Pa., 
where took charge the construction the plant the West- 
moreland Water Company. Mr. Forbes continued the executive 
head this until his death. Under his direction, the 
plant was extended and, with allied corporations, served the communi- 
ties along the Main Line the Pennsylvania Railroad west from 
far Irwin, and south along the Southwest Branch 
far Youngwood. total 50000 people are supplied, addition 
large industrial and mining plants, the companies which 
was the guiding spirit, and this, too, section where, because 
the broken topography and the dumping mine drainage into 
the streams, the operating conditions are exceedingly and ex- 
pensive. Mr. Forbes was responsible charge the design and con- 
struction the plant, and, the time his death, was, and had 
been for many years, Manager, Secretary, and Treasurer the Com- 
pany and its allied interests. 

Mr. Forbes’ success Greensburg resulted his being chosen 
take charge the construction and operation water plants for 
the Derry Water Company Derry, Pa., and the Dennison Water 
Supply Company Dennison, Ohio, serving Manager, Secretary, 
and Treasurer both these corporations. also had large 
financial interest all three companies. 

Mr. Forbes was recognized authority matters pertaining 
water-works construction, operation, and valuation. was em- 
ployed number water-works cases, either expert witness 


* Memoir prepared by W. C. Hawley and G. W. Hutchinson, Members, Am. Soc. C. E. 
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1916 MEMOIR MURRAY FORBES 


the Pennsylvania Water Works Association and served for years 
its President. was Member the American Water Works 
Association, the New England Water Works Association, the Engi- 
neers’ Society Western Pennsylvania, the Engineers’ Society 
Pennsylvania, and the Union League Club Philadelphia. was 
Mason and member the Protestant Episcopal Church. 

Mr, Forbes was delightful character, always kind and courteous, 
man who made friends readily and who kept them. strong con- 
victions, was also diplomat. Although for many years had 
acted Manager the Water Company which served the town 
which lived—and under difficult conditions and with necessarily 
high rates—he was popular and highly respected that community. 
editorial Greensburg newspaper, the time his death, reads. 
part, follows: 


“Mr. Forbes was many ways superior. factor the 
affairs his town and his county. was intensely human. 
was master his profession, and controlled because knew. 
useful man has been taken from this community.” 


1893, Mr. Forbes was married Miss Ethel Parvin, Phila- 
delphia, who, with five children, survives him. 

Mr. Forbes was elected Associate Member the American 
ciety Civil Engineers, June 5th, 1907. 


MEMOIR ROGER TIFFT HOLLOWAY 


ROGER TIFFT HOLLOWAY, Am. E.* 
Marcu 1914. 


Roger Tifft Holloway, the second Henry and Metta 
Holloway, was born August 29th, 1885, Columbus, Ohio. 1887, 
the family moved Montclair, J., and was educated the 
schools that place. was graduated from the High School 
1904, and was President his during his Junior and 
Senior years. the fall that year, entered Cornell University, 
from which was graduated 1908, with the degree Civil Engi- 
While Cornell, Mr. Holloway was elected member the 
Alpha Delta Phi and the Sphinx Head, Senior society, and 
also belonged the Cornell Glee Club. 

August, 1908, Mr. Holloway was engaged the Turner Con- 
struction Company, New York City, Assistant the Superin- 
tendent reinforced concrete work, remaining with the Company 
until January, 1909. From March October, 1909, was employed 
Structural Detailer and Draftsman with the Hay Foundry and Iron 
Works, Newark, February, 1910, with the writer, en- 
gaged private practice, Consulting Structural Engineer, under 
the firm name Mead and Holloway, continuing member 
the firm for two years. During this time prepared plans, estimates, 
for numerous alterations and contracts, among which were plans 
and specifications for the steelwork for the Irvington School, the 
Nurses’ Home connection with the Presbyterian Hospital, 
the Dock Street Pier, Philadelphia, Pa., also 
acted advisory capacity this work. 

June, 1912, Mr. Holloway severed his connection with the firm 
Mead and Holloway engage the general practice civil en- 
gineering. was also the New York representative the London 
firm Bagley, Mills and Company, and until his sudden death which 
oceurred his home Montclair March 12th, 1914, from septic 
poisoning, following attack tonsilitis, was engaged pre- 
paring plans, specifications, estimates, for number construc- 
tions and alterations and around New York City. 

Mr. Holloway was always courteous, and, his short professional 
career, had established reputation for painstaking care and accuracy 
which won-him many friends. The aptitude shown him his 
profession was probably inherited, his father being member the 
American Society Mechanical Engineers, and great-uncle, Mr. 
Holloway, having served term President that Society. 


tion file the Society 


1917 


1918 MEMOIR ROGER TIFFT HOLLOWAY 


was member the University Glee Club York, the 
Harlequins, which was President, the Montclair Athletic Club, 
the Alpha Delta Phi Club New York, and Montclair Lodge, No. 144, 
and 

Mr. Holloway was prominent the social activities Montclair, 
where his loss will keenly felt. engagement had recently been 
announced, and the wedding had been planned for the coming Autumn. 
Besides his parents, survived two brothers and two sisters. 

Mr. Holloway was elected Junior the American Society 
Civil Engineers May 1910, and Associate Member 
May 7th, 1913. 


MEMOIR GEORGE WILLIAM LEE 


Diep January 6TH, 1911. 


George William Lee was born June 10th, 1875, New Haven, 
Conn. was the son George and Harriet (Chappel) Lee, 
East Lynn, Conn., where for five generations their ancestors had lived. 
was educated the Bordentown Military Institute, Worcester 
Academy, and Worcester Polytechnic Institute. 

Mr. Lee’s whole life was devoted his even during 
his school vacations, for the summer 1894 was engaged 
surveys near Winchester, Conn.; 1895 surveys for the improve- 
ment the water supply Athol, Mass.; and 1896 surveys 
for sewerage system for Hyde Park, Mass., and water supply for 
Billerica, Mass. 

‘In 1897 finished his course the Polytechnic, and was then 
engaged William Barclay Parsons, Am. E., and placed 
charge party making surveys for the Subway New York City, 
after which was with corps engineers, A., surveys 
for military roads Porto Rico. 

August, 1901, Mr. Lee was engaged Engineer for Sundstrom 
and Stratton, General Contractors, and remained with this firm until 
his death, which time was Chief Engineer. showed marked 
ability designing plant and directing the construction many 
structures. While thus engaged the most important work under his 
supervision was the New York Central and Hudson River Railroad, 
constructing the Oak Grove and DeWitt Yards, double-tracking the 
Fall Brook Division and the Peekskill Tunnel the main line, the 
Chateaugay Branch the Delaware and Hudson Company, and Con- 
tract No. the New York State Barge Canal, Fort Miller, 
His devotion his work won the admiration all with whom came 
contact. 

survived his wife, Rhoda Hoyt Lee, and two daughters, 
Harriet and Dorothy Lee. 

Mr. Lee was elected Junior the American Society Civil 
Engineers March 4th, 1902, and Associate Member January 
2d, 1907. 


Memoir prepared William Hill, Am, Soc. 
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MEMOIR HORACE GUY MERRICK 


HORACE GUY MERRICK, Assoc. Am. Soe. 


1913. 


Horace Guy Merrick was born Libertyville, 29th, 
1879.. His family moved Manistee, Mich., when was quite young. 

Mr. Merrick’s education began the publie schools Manistee, 
and was graduated from the High School that place 
During the next three years was engaged various public works 
Michigan. 1901 entered the University Michigan, from 
which institution was graduated 1905, with the degree 
Civil Engineering. 

After his graduation was employed the United States Govern- 
ment Junior Engineer the survey the Great Lakes until May, 
1907, when was transferred the work improving the Upper 
Mississippi River, with headquarters Crosse, Wis. remained 
this work until his death. 

1918, Mr. Merrick took the examination before the United States 
Civil Service Board for registration and promotion Assistant 
Engineer, and passed with much credit. 

was energetic and capable civil engineer, and was held 
high esteem his superior officers. felt wish become con- 
spicuous, professionally otherwise, shrinking from notice rather than 
courting it. always under-estimated his own ability, and worked 
zealously, intelligently, and successfully from love his Profession. 

Mr. was elected Associate Member the American 
Society Civil Engineers May 7th, 1913. was also member 
the Wisconsin Society Civil Engineers. 


MEMOIR JAMES DYNAN NEWTON 


JAMES DYNAN NEWTON, Assoc. Am. Soc. E.* 


8TH, 1912. 


James Dynan Newton was born Oswego, Y., April 17th, 
1871. entered Holy Cross College, Worcester, Mass., 1887, 
and was graduated 1891 with the degree Bachelor Arts. 
taught sciences the Roman Catholic High School, Philadelphia, 
for one year and then entered Sibley College, Cornell University, 
and received the degree Mechanical Engineer 1895. the same 
year was granted Master’s Degree from Holy Cross College. 

After his graduation from Cornell served Special Appren- 
tice the New York Central Railroad shops Oswego for five 
months. December, 1895, after passing the examinations, was 
appointed Cadet Engineer the United States Revenue Cutter Ser- 
vice, and 1896 was promoted Third Lieutenant Engineers. 
served this capacity till 1902, when was retired for dis- 
ability incurred the line duty. was the Revenue Cutter 
Service during the Spanish-American War, and for part this 
time was Acting Chief Engineer the Hamilton. 

was sent the Marine Hospital Fort Stanton, Mex., 
for treatment, and after leaving there was employed mining 
development New Mexico, practiced engineering independently, and, 
1904, was employed Chainman and Rodman the Atchison, 
Topeka, and Santa Railroad. August, 1905, accepted the 
position Assistant Professor Civil Engineering the University 
Kansas. 

‘The writer was charge the Department Mechanics dur- 
ing the time Professor Newton’s service the University Kansas, 
and, part his teaching was this Department, gave good op- 
portunity for observing his work. 

the Engineering Profession, doubt, one the greatest vir- 
tues that hard, conscientious labor, and this Professor Newton 
possessed marked degree. Entering new field, once saw 
the necessity careful preparation. not only prepared himself 
for the work hand, but spent many hours the study related 
subjects. His broad college training and his practical experience 
enabled him present his subjects interesting and practical 
manner, and the writer always found his students 
his praise. 

the end his fourth year the University Kansas, was 
elected Dean the School Engineering Loyola University, 
Chicago, Here, his great capacity for labor stood him hand. 
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MEMOIR JAMES DYNAN NEWTON 


The Engineering School, which had not been had 
organized, courses laid out, catalogue prepared, equipment purchased 
for new building then process construction, and instructors 
engaged. This entire work fell Professor Newton. Success at- 
tended his efforts, and, the time his death, the school was thor- 
oughly organized and had enrolled many students the new Depart- 
ment. 

Professor Newton was enthusiastic worker the Roman Cath- 
Church, being one the leading soloists the church choir 
while Lawrence. 

was married 1906 Miss Minnie Medaris, Kansas City, 
who, with one child, survives him. They reside Lawrence, Kans. 

Professor Newton was elected Associate the American Society 
Civil Engineers September 5th, 1911. 
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JOHANNES CORNELIS VLIEGENTHART, Assoc. Soc. E.* 
Diep 29TH, 1913. 


Johannes Cornelis Vliegenthart was born Delft, Holland, July 
15th, 1876. 1893, entered the Polytechnical School Delft 
student engineering, and was graduated therefrom July, 1899, 
with the degree Civil Engineer. 

September, 1899, entered the Government service The 
Netherlands Assistant Engineer the Royal Corps Waterstaat, 
charge river improvement works the waterway from the Port 
Rotterdam the sea, Hook Holland and Hansweert. This work 
included dredging, constructing groins for regulating the channel, 

November, 1901, Mr. Vliegenthart was appointed Chief Engineer 
the Haiho River Conservancy Commission, with headquarters 
Tientsin, China. This Commission was appointed the Peace 
Protocol after the Boxer Insurrection 1900, for the purpose 
dredging and regulating the Haiho River, with view making 
navigable from Tientsin the sea for steamers drawing from 
ft. water. his direction three channels were constructed 
total length miles, thereby shortening the river miles 
and eliminating ten sharp bends. addition this work, Mr. 
Vliegenthart had charge survey part the Province 
which included the cities Peking, Tientsin, and Paoting. This 
survey was made chiefly for the purpose studying the courses the 
various tributaries the Haiho River, looking the 
such tributaries. had promised read paper before the Konin- 
klijk Instituut van Ingenieurs (Royal Institution Netherland En- 
gineers) the great engineering works North China which 
had had such prominent part, but the fulfillment this promise was 
prevented his death. 

With the exception vacation 1906, remained China 
until early 1913, when resigned his position with the Haiho Con- 
servancy Commission and returned his home Holland. Sep- 
tember, 1913, the election the well-known engineer, Mr. 
Muralt Member Parliament, Mr. Vliegenthart was appointed 
him Engineer the Schouwen” (Hydraulic 
Company, Isle Schouwen, Province Zeeland). remained 
this position until his death which occurred October 29th, 1913, 
Zierikzee, Holland. 

belonged that group Netherlanders who have raised the 
reputation Dutch engineers foreign countries high standard, 
and his name will held honored remembrance one the 
pioneers who co-operated the development China. 

Mr. Vliegenthart was elected Associate Member the American 
Society Civil Engineers June 5th, 1907. 


Memoir prepared the Secretary from information file the Society House. 
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HENRY HELM CLAYTON, Jun. Am. E.* 


1913. 


Henry Helm Clayton, the son Lillie Sale and John Benjamin 
Clayton, was born Sappington, Mo., February 8th, 1885. re- 
ceived his education the Kirkwood School and the Manual 
Training School St. Louis, Mo., and was graduated from the latter 
January, 1903. 

Mr. Clayton began work Rodman with the Terminal Railroad 
Association St. Louis, where remained until June, 1903, when 
accepted position the International Mexican Railroad. Having 
won scholarship the Engineering Department Washington Uni- 
versity, returned the United States September, 1903, enter 
that University, and June, 1907, was graduated with the degree 

then went Texas Rodman construction work for the 
Rock Island Railroad, but during the same year accepted position 
Computer for the Board Examination and Survey the Missis- 
sippi River Commission. remained this position only short 
time, returning Texas enter again the employ the Rock Island 
Railroad Company, which position retained until the work there 
was completed. 

January, 1908, Mr. Clayton formed partnership for the private 
practice engineering, with offices Clayton and Kirkwood, Mo., 
which partnership was dissolved December the same year. 
the meantime had been appointed City Engineer Wellston, Mo., 
but resigned this position enter the service the United Railways 
Company St. Louis. 

May, 1909, Mr. Clayton joined the forces the Missouri Pacific 
Railroad and continued the employ that company various 
positions until his death April 8th, 1913. 1910, was 
appointed Assistant Division Engineer the Arkansas Division 
the St. Louis, Iron Mountain and Southern Railroad. June 
1911, was sent Chester, Assistant Division Engineer 
the Division, where remained until December Ist, 1912, 
when returned the Southern District. 

Mr. Clayton was man irreproachable character and strong 
personal magnetism, and was unusually the faithful exe- 
cution his work. Having warm heart and generous disposition, 
was true and faithful friend. His make-up was that big 
man, and believed that would have accomplished big things 
had his life been spared. 

Mr. Clayton was Thirty-second Degree Mason. was elected 
Junior the American Society Civil Engineers December 
1907. 


Memoir prepared John Clayton, Jr., Esq. 


MEMOIR ORLOFF LAKE 
ORLOFF LAKE, Jun. Am. Soc. 


21st, 1913. 


Orloff Lake, the eldest son Duff and Mary Ida (Woods) Lake, 
was born Baltimore, Md., April 19th, 1883. 

was graduated from Tulane University with the degree Bache- 
lor Engineering 1905, and immediately thereafter entered the ser- 
vice the Philadelphia and Reading Railway Rodman, which posi- 
tion held until April, 1906, when resigned accept the position 
Transitman with the New York Central and Hudson River Railroad. 
was soon promoted Assistant Engineer, and had charge office 
and field work construction Brewster; also made surveys for 
the relocation the New Jersey Shore Line from Weehawken 
Shadyside. 

January, 1908, Mr. Lake left the New York Central and joined 
the engineering forces the writer Assistant Engineer general 
work and near New Orleans. remained this employ until the 
summer 1909 when temporarily withdrew from the engineering 
field and transferred his activities for two years the manufacturing 
business conducted his father and uncle. 

His love for his profession, however, led him accept employment, 
June, 1911, with the Barrett Manufacturing Company, and was 
especially engaged the Tarvia Department co-operate with county 
and other engineers the South who were devoting their time and tal- 
ents highway construction. Mr. Lake’s education and training 
especially qualified him for this work, which continued with 
marked success until his sudden and untimely death. 

Mr. Lake was young man exceptional attainments and brilliant: 
promise. was tireless student and most industrious worker, 
whose physical strength was without doubt often overtaxed the tasks 
which set for himself perform. His exceeding modesty, amount- 
ing almost diffidence, doubt operated retarding his professional 
progress during his brief life. His high ideals, sterling good qualities, 
and quiet forcefulness, however, were such that, acquaintance with 
him ripened, confidence and affection for him grew strong. his 
death, the Profession and the Society have lost most promising 
and the zone his acquaintance there void which may 
not easily filled. 

Mr. Lake was elected Junior the American Society Civil 
Engineers December 1908. 


7 

7 

7 

] 


MEMOIR HENRY RICHMOND 


HENRY RICHMOND, Am. Soc. E.* 


Diep May 1913. 


Henry Richmond was born Syracuse, Y., August 3d, 
1840. was the second son Dean Richmond who, the time 
his death 1866, was President the New York Central Railroad 
Company. 

Mr. Richmond was engaged the grain business, commission 
merchant, Buffalo, Y., and was well known among shipping 
circles the Great Lakes. Later, was connected with lithograph- 
ing business. 

After his retirement from active business, became prominent 
public affairs Buffalo, “old-line Democrat”. was President 
the Buffalo School Association, and was appointed the late Grover 
Cleveland, then Governor New York, Member the first Civil 
Service Commission New York State. 

Mr. Richmond never married. was “wide traveler and 
devotee art and literature”, and was liked and respected all who 
knew him. died Los Angeles, Cal., May 10th, 1913, and 
was buried the Richmond Mausoleum Batavia, 

Mr. Richmond was elected Fellow the American Society 
Civil: Engineers July 7th, 1870. 


*Memoir prepared the Secretary, from information supplied Morse, 
Am. Soc. 
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